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I 
 
Abstract 
Over forty coal mines of the Bowen Basin are located within the Fitzroy River 
catchment (Fitzroy Basin).  Considerable growth of coal mining operations is 
occurring and expected to continue with development of new mines and expansion 
of existing mines.  With this growth, water management within coal mining 
operations, and specifically mine water discharges from coal mines, is one the 
significant environmental risks of concern to government regulatory agencies, the 
community and the mining industry.  Mine water discharges in the Fitzroy Basin are 
licensed and regulated; however, there has been recent concern with the 
effectiveness of the system. 
Market based instruments (MBIs) are increasingly being utilised in the realm of 
environmental pollution and it is considered here as an alternative form of regulation 
for the coal mines of the Fitzroy Basin.  While there are many studies researching the 
political and economic factors that contribute to the success of these instruments, this 
project seeks to determine the feasibility of adopting a particular MBI known as a 
salinity trading scheme, in relation to technical features of the catchment.   
Through research of an operational salinity trading scheme known as the Hunter 
River Salinity Trading Scheme, in NSW Australia, physical and technical properties 
were identified that may contribute to the success of a salinity trading scheme.  
These features, which include properties of the river system, landuse, monitoring 
network, climate and hydrology, are compared qualitatively between the catchments.  
Further analysis of the available stream flow monitoring data was also conducted to 
investigate the ability of the river system to assimilate salt loads in the form of mine 
water discharges.  Conclusions on the technical feasibility are based upon this 
analysis. 
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Glossary of Terms 
 
DEC:  Department of Environment and Conservation, Queensland 
DERM:  Department of Environment and Resource Management, Queensland 
DME:   Department of Mines and Energy, Queensland 
EA:   Environmental Authority 
EC:   Electrical Conductivity, a measure of salinity, µS/cm. 
HITS:   Hunter Integrated Telemetry System 
HRSTS:  Hunter River Salinity Trading Scheme 
MBI:   Market Based Instrument 
NOW:   NSW Office of Water 
QRC:   Queensland Resource Council 
QWGQ:  Queensland Water Quality Guidelines 
Salinity Sag:  An inverse relationship of EC to flow rate that resembles a sag in the 
salinity as the flow rate rises. 
TAD:   Total Allowable Discharge 
WQT:   Water Quality Trading 
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1 Introduction 
1.1 Introduction 
Over forty coal mines of the Bowen Basin are located within the Fitzroy River 
catchment (Fitzroy Basin) and the coal mining industry is a major contributor to the 
Queensland economy.  Considerable growth of coal mining operations is occurring 
and expected to continue with development of new mine projects, and, the expansion 
of current operational mines.  Despite some negative community perceptions of coal 
mining in relation to carbon emissions and climate change, the Queensland coal 
industry has a bright future with a substantial portion of the product coal used for 
coking as part of steel production which is an essential commodity in the modern 
world. 
Water management within coal mining operations, and specifically mine water 
discharges from coal mines, is one the significant environmental risks of concern to 
government regulatory agencies, the community and the mining industry.  The 
significance of this issue was highlighted in events following the exceptionally high 
seasonal rainfall and floods that occurred during the 2007-08 wetseason.  Discharges 
of excess water from mines that occurred as part of recovery from these events raised 
concerns regarding appropriate discharge conditions as well as the cumulative 
impact of discharges on water quality in the Fitzroy Basin. 
Consequent studies have highlighted a deficiency with current regulation of mine 
water discharge.  Some progress has been made toward modifying existing 
Environmental Authorities (EA) conditions for mine water discharges, however, the 
current command and control methods of regulation may still not be sufficient to 
manage the cumulative impacts of discharges from multiple mines in a catchment. 
A water quality trading scheme applied to salinity is one potential option to address 
concerns regarding the consistency of discharge licensing conditions, achieving 
water quality objectives, and managing the cumulative impacts of discharges of 
mines.  A water quality trading scheme is an example of a cap and trade market 
based instrument.  This technical investigation will investigate the hydrological 
characteristics of the Fitzroy Basin in comparison to a catchment with a successful 
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salinity trading scheme in place, and undertake a preliminary assessment on the 
technical feasibility of a salinity trading scheme in the Fitzroy Basin. 
 
1.2 Project Aim 
It is the aim of this project to investigate the feasibility of a salinity trading scheme 
in the Fitzroy Basin for the licensing of coal mine discharges based on physical 
catchment properties and hydrological characteristics.  Although it is recognised that 
political and economic concerns for administrative feasibility would have significant 
influence on the success of such a scheme, these matters are not considered in this 
project.   
 3
2 Literature Review 
2.1 Fitzroy River Basin and Coal Mining 
2.1.1 Features and Land Use 
The Fitzroy Basin is located in central Queensland, west of Rockhampton, as shown 
in Figure 2-1 Fitzroy Basin Locality Plan.  This area is similar in location to areas 
known as Central Queensland and the Bowen Basin.  The total area of the Fitzroy 
basin to the river mouth is 142,600km2 (Johnston et al 2008 p.19) and is made up of 
six (6) distinct sub-catchments, namely Isaac-Connors, Nogoa, Comet, Mackenzie, 
Dawson and Fitzroy (See Figure 2-2 Fitzroy Basin Major Sub Catchments).  The 
predominant industry of the basin is beef cattle production, which accounts for 81% 
of the basin area (Christensen & Rodgers, 2005, p.29).  Other land uses in the basin 
include dryland and irrigated cropping (6%), conservation (6%), forestry (5%), urban 
(1%), irrigation (0.5%) and mining (0.5%) (Christensen & Rodgers, 2005, p.29). 
2.1.2 Mining in the Basin 
Although mining covers less than 1% of the Fitzroy Basin by area, there are over 40 
operating coal mines (refer Figure 2-4) which provide a strong economic 
contribution but also have potential for significant environmental risks to the basin 
and river health.  In 2006-07 the value of coal exports was A$16.306 billion making 
coal Queensland’s most important export (Queensland Mines and Energy, 2009).  In 
2001 coal production accounted for 11.7% of the area’s gross output, compared to 
beef cattle production with accounted for only 7.3. 
The coal industry in Queensland has increased more than 10% over the last five 
years (2004-2009).  The expansion achieved over the last 5 years is depicted in Table 
2-1.  The Bowen Basin, and therefore Fitzroy Basin, contains much of Queensland’s 
coal resources and virtually all of Queensland’s prime coking coal (Queensland 
Mines and Energy, 2009, p.5).  There are over 50 new coal projects identified in the 
area as shown on Figure 2-4.  An increase in the number of coal mines could 
increase the risk of harm or potential harm to environmental values potentially 
affected by the coal mine industry.  One area of concern is possible water quality 
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impacts arising from coal mines discharging excess mine from sites either 
individually or as a cumulative impact. 
 
 
 
Figure 2-1 Fitzroy Basin Locality Plan 
Based on or contains data provided by the State of Queensland (Department of Environment and resource Management [2010].  In 
consideration of the State permitting use of this data you acknowledge and agree that the State provides  no warranty in relation to the 
data (including accuracy, reliability, completeness, currency or suitability) and accepts no liability (including without limitation, 
liability in negligence) for any loss, damage or costs (including consequential damage) relating to any use of the data.  Data must not be 
used for direct marketing or be used in breach of the privacy laws 
Fitzroy Basin 
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Figure 2-2 Fitzroy Basin Major Sub Catchments 
Based on or contains data provided by the State of Queensland (Department of Environment and resource Management [2010].  In 
consideration of the State permitting use of this data you acknowledge and agree that the State provides no warranty in relation to the data 
(including accuracy, reliability, completeness, currency or suitability) and accepts no liability (including without limitation, liability in 
negligence) for any loss, damage or costs (including consequential damage) relating to any use of the data.  Data must not be used for 
direct marketing or be used in breach of the privacy laws 
 6
 
88
6.8
4
0.5 0.6 0.08
0
10
20
30
40
50
60
70
80
90
100
Pe
rc
en
ta
ge
 o
f T
ot
al
 A
re
a
Grazing
Cropping Conservation Irrigation
Intensive
(Mining, Urban
Agriculture) Water
 
Figure 2-3 Fitzroy Basin Land Use 
(Reproduced from Christensen & Rodgers , 2005 p29) 
 
Table 2-1 Growth in Queensland Coal Industry (5 Year Summary) 
   04‐05  05‐06  06‐07  07‐08  08‐09 
No of Mines 
Operating  43 45 52 54  55
Saleable Production 
'000 tonnes  172,666 171,689 182,848 180,476  190,553
% Change year to 
year     ‐0.57% 6.50% ‐1.30%  5.58%
 
(Reproduced from Coal Industry Review 2008-2009 statistical tables, DME 2010) 
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Figure 2-4 Fitzroy Basin Current and Potential Mine Projects 
Based on or contains data provided by the State of Queensland (Department of Environment and resource Management [2010].  In 
consideration of the State permitting use of this data you acknowledge and agree that the State fives no warranty in relation to the data 
(including accuracy, reliability, completeness, currency or suitability) and accepts no liability (including without limitation, liability in 
negligence) for any loss, damage or costs (including consequential damage) relating to any use of the data.  Data must not be used for 
direct marketing or be used in breach of the privacy laws 
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2.2 Mine Water Discharge and Regulation 
Issues of water management for coal mining operations, specifically mine affected 
water discharges from coal mines into the natural river system, have resulted in 
significant community and media attention (Hart 2008).  The significance of this 
issue was highlighted in the events following the exceptionally high seasonal rainfall 
and floods that occurred during the 2007-08 wetseason.  Discharges from mines that 
occurred as part of recovery from these events and subsequent public and political 
concern initiated an investigation by Queensland State government into the current 
environmental regulation of mine water discharges.  The outcome of this 
investigation was a report by Professor Barry Hart, 2008, titled “Review of the 
Fitzroy River Water Quality Issues”.  This report produced several findings relating 
directly to the causal event, but also reported on issues relating specifically to the 
EPA processes (I,e, QLD regulatory agency) for establishing Environmental 
Authorities (EA) and Transitional Environmental Programs (TEP) under the 
Environmental Protection Act 1994 for regulation of mine water discharges from 
coal mines.   
The coal mining industry continues to expand as illustrated by Figure 2-4 Fitzroy 
Basin Current and Potential Mine Projects.  Production of coal in 2006-07 was over 
190 Mt (DME 2010), and is estimated to exceed 200Mt by 2011 (DME, 2009 p.3).  
The continued growth of the coal mining industry makes the management of 
discharges of mine affected waters into the natural environment even more 
significant, particularly for the cumulative effects of those discharges.  In April 
2009, the EPA completed a study into this issue and released a report titled “A Study 
of the Cumulative Impacts on Water Quality of Mining Activities in the Fitzroy 
River Basin”.  Focusing on salinity, this study concluded that discharge quality 
limits and operating conditions for some coal mines do not adequately protect 
downstream values of the environment (DERM, 2009a), and also identified that an 
improved approach to managing the cumulative impacts of discharges is required.   
The current regulatory mechanism for managing discharges from mining projects is 
through the administration of an EA (Environmental Authority) under the 
Environmental Protection Act 1994.  No mining activity can take place unless 
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authorised in a relevant EA (DERM 2009).  The EA typically specifies the 
conditions that the holder must operate under (QRC 2010), including the regulation 
of mine water discharges.  EAs are site specific (DERM 2007) and therefore 
developed for each mine on a case by case basis (DERM 2009), often without 
consideration for the cumulative impacts of multiple mining activities.  In regards to 
mine water discharges, should discharges occur from more than one mine at the 
same time, the potential for cumulative impacts would be increased (DERM, 2009a). 
 
2.3 Overview of Market Based Instruments 
2.3.1 What is a MBI? 
An Environmental Authority (i.e. licence to operate) can be classified as command 
and control approaches to reducing the environmental impacts of pollution.  The EA 
specifies the conditions of under which the holder must operate.  A market based 
instrument (MBI) is an alternative to this more conventional approach.  MBIs use 
market signals to encourage positive industry behaviour rather than through explicit 
instruction (Stavins, 2001).  MBIs work by: 
• altering market prices  
• setting a cap or altering quantities of a particular good  
• improving the way a market works  
• creating a market where no market currently exists  (Australian Government, 
2008b) 
 
Throughout the literature, similar MBIs are discussed, but grouped into varied 
categories and classes of MBIs.  According to O’ Dea and Rolfe (2005), there are 
two main classes. These are known as, price-based instruments, and quantity-based 
instruments.   
Price-based instruments include auctions, grants, rebates, subsidies and taxes 
(Australian Government, 2004).  A familiar example might be a pollution tax.  
Industry pays a tax determined by the level of pollution emitted.  These instruments 
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place a price on achieving an environmental goal and then allow industry to 
determine how they will achieve the goal.   
Quantity-based instruments include cap and trade programs, offsets and bubble 
schemes.  A familiar example might be an emissions trading scheme.  These 
instruments set an environmental target or an emission cap, then allow industry to 
work together to ensure that the target is met.  Quantity based instruments are more 
complex than price-based instruments, but allow for greater environmental certainty 
(O’Dea & Rolfe, 2005). 
The benefits of MBIs over “command and control” are due to the flexibility provided 
to industry to achieve environmental targets.  With the proper utilisation of a MBI, a 
specific level of pollution reduction can be achieved with the least cost to society 
(Stavins 1998).  Industry can make decisions on abatement costs in response to costs 
the market has placed on the cost of polluting (Abeygunawardena and Barba, 2000).  
Pollution reduction can be achieved even when some industries have abatement costs 
higher than the cost of polluting.  An industry with low abatement costs can offset 
those with high abatement costs by making more significant reductions.  This may 
even be more advantageous in quantity based MBI which rely on tradable permits or 
environmental offsets to achieve an environmental goal.  These types of MBI are 
referred to as cap and trade mechanisms. 
A cap and trade MBI mechanism works by establishing a total maximum pollution 
load to an environmental system and allocating credits among polluters allowing 
them rights to emit a percentage of the total cap.Stakeholders that can reduce their 
need to emit can trade or sell their credits to other stakeholders who are unable to 
reduce their emissions.  According to US EPA (2003), there are several advantages 
to a cap and trade mechanism, over traditional approaches and other MBIs.  These 
include: 
• Cap and trade programs can provide a greater level of environmental 
certainty. 
• New emission sources will not increase the limits on emissions. 
• Cap and trade programs encourage sources to pursue earlier reductions of 
emissions than may otherwise have occurred. 
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These three main advantages may result in a greater certainty for management of the 
cumulative impacts of discharges. 
 
2.3.2 Development of Tradable Permits 
Cap and trade programs are a development of the concept of tradable permits or 
rights to pollute.  Designating rights to pollute was first suggested in the works of 
Coase, (1960) “The problem of Social Cost”.  Coase suggested the idea that a market 
may be as effective at environmental regulation as other regulatory methods.  Croker 
(1966), Dales (1968), and Montgomery (1972) followed on from and discussed the 
assigning property rights to areas where property rights have not before existed.  
Dales believed that our problems with air and water quality can be attributed to the 
fact rights have not before been assigned to them, as is done with land.  “Anything 
that is treated as a free good is indeed likely to become a valueless thing” (Dales, 
1968, p.796). 
Tradable permits programs were developed in the United States as early as 1974 in 
response to the Clean Air Act, in the form of emissions trading, and more 
prominently in the early 90s in response to the Title IV of the Clean Air Act 
Amendments 1990.  The right to emit SO2 gas into the atmosphere is traded between 
electrical companies as required.  Also of note are programs of lead trading in the 
1980s, Chlorofluorocarbon (CFC) trading in the early 1990s to comply with the 
Montreal Protocol, and, RECLAIM (Regional Clean Air Incentives Market) of 1994. 
More recently at the historic Kyoto protocol in 1997, countries ratified to meet 
targets nationally, by the implementation of three MBI.  These are, Emissions 
trading, clean development mechanisms (CDM) and Joint implementation (JI) 
2.3.3 Successes and Lessons Learnt  
Ellerman (2005) lists the keys to an effective tradable permit scheme as the ability to 
measure and continuously monitor emissions, ability to effectively allocate emission 
rights and defining the pollutant and at what level it becomes problematic.  In terms 
of success, Ellerman et al (2003) suggest that the major objective of emissions 
trading is the lowering of costs involved with meeting emission reduction goals.  In 
this objective, Ellerman et al (2003) found that the emissions trading schemes of the 
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US were a success.  There are, however, concerns with China’s emission trading 
schemes.  Zhang (2010) states problems in China’s systems can be attributed to an 
inability to accurately define the environmental capacity for a pollutant, unequal 
allocation of emission quotas, ineffective market establishment and operation, and a 
lack of legislation and enforcement. 
Two suggested reasons for problems in China’s system were defining the pollutant 
and allocation of emission permits (Ellerman, 2005).  Joskow (1998) has stated that 
one of the reasons that the US emissions trading programs were successful was the 
quick emergence of a market system.   
In another work by Ellerman, (2003), the environmental successes of the US 
emissions trading schemes were investigated.  Four environmental successes are 
identified were a large reduction of emissions in a relatively quick time, the 
schedules of emission reductions accelerated significantly, no exemptions, 
exceptions or relaxations were granted and, the feared hotspots were not realised.  
Ellerman attributes the first three successes to the fundamentals of the trading 
program, and the avoidance of hotspots to the program design. 
With the identified successes of MBI, in particular cap and trade programs, these 
programs have been designed for the regulation of various environmental pollutants.  
Most commonly this has been for regulation of emissions into the atmosphere, 
however, there is a growing trend for cap and trade programs being implemented for 
the management of water quality 
2.4 Water Quality Trading (WQT) 
According to Dales (1968), one of the recognised founders in the development of 
MBIs, the blame for water problems can be attributed to a “failure to devise property 
rights to the use of natural water systems” (p 792).  He details an example of a MBI 
for the regulation of water quality.  WQT is an avenue of managing the deteriorating 
water quality in major river systems being pushed in the US by the EPA.  In 2003 
the US EPA released the National Water Quality Trading Policy which is a 
framework for trading under the United States Clean Water Act.  Since the release of 
the policy the EPA have also issued a Water Quality Trading Assessment Handbook 
in 2004, which helps regulators determine if WQT is viable.  They have also issued 
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the Water Quality Trading Toolkit in 2007, which is a manual describing how to 
trade.  To supplement this endorsement by the US EPA, the United States 
government can provide funding to finance market-based water quality programs.  In 
2009 the World Resources Institute conducted a survey of international WQT 
programs (Selman et al 2009).  Of the 57 programs identified, 51 were based in the 
United States. 
Nationally, in response to rising salinity and other water quality concerns, the 
Australian Government initiated the National Action Plan for Salinity and Water 
Quality (NAP) initiative.  The NAP is a “commitment by the Australian, State and 
Territory governments to jointly fund actions tackling two major natural resource 
management issues facing Australia's rural industries, regional communities and our 
unique environment” (Australian Government 2008a).  In 2003 the NAP 
implemented a national MBI pilot program where 11 pilot studies were conducted 
around the country.  The program was established to investigate alternative policy 
mechanisms for salinity, water quality and biodiversity management (Australian 
Government 2005, p.6).  The MBI options investigated by the pilot programs were 
auctions, cap and trade approaches, offsets and a leverage fund.  The program 
identified prerequisites for successful application of MBIs.  These include: 
• sound economic theory; 
• good science; 
• skills in, and linkages between mechanisms design and implementation; and 
• good engagement with stakeholders (Australian Government 2005, p.27). 
 
As part of the pilot program, investigation into the viability of cap and trade 
mechanisms and offset trading to address water quality issues was undertaken for the 
Lower Fitzroy region (O’Dea & Rolfe 2005).  This study primarily focused on 
diffuse sources of salinity (mainly agriculture) in the Fitzroy Basin as at that time, 
the mining industry was not considered a significant contributor to water quality 
issues (Productivity Commission, 2003, cited in O’Dea & Rolfe. 2005).  The 
investigation used guidelines presented by the United States Environmental 
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Protection Agency (USEPA) to determine the adequacy of applying a cap and trade 
mechanism.  These guidelines include: 
• Is flexibility appropriate? 
• Do sources have different control costs? 
• Are there sufficient sources? 
• Is there adequate authority? 
• Are there adequate political and market institutions? 
• Are measurement capabilities sufficiently accurate and consistent (USEPA, 
2003). 
 
For the lower Fitzroy pilot investigation, it was determined that due to insufficient 
methods of measurement for diffuse sources, cap and trade mechanisms were not 
appropriate.  For point sources, however, measurements are more easily achievable, 
and it now suggested that point sources such as coal mine discharges pose a greater 
risk than diffuse sources (Johnston et al 2008), making an investigation into a cap 
and trade scheme pertinent. 
 
2.5 The Hunter River Salinity Trading Scheme 
The Hunter River Salinity Trading Scheme (HRSTS) is an example of a successful 
cap and trade MBI operating in Australia.  The Hunter Valley is located on the 
central coast of NSW, (see Figure 2-5).  Twenty large coal mines operate in the 
Hunter Valley.  They share the area with significant horticultural, viticultural and 
agricultural activities that utilise water supplied from the Hunter River.  The HRSTS 
began as a pilot scheme in 1995 after community concerns that increased salinity 
levels in the Hunter River, caused by mine affected water being discharged into the 
river system, were having a detrimental effect on downstream users of the river 
water.   
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The HRSTS is a cap and trade operation that caps the amount of salt that can be 
discharged to the river during flow events.  Industries that want to discharge saline 
water into the Hunter River system must purchase credits that allow them to do so.  
The more credits purchased, the more salt load they can discharge.  In the HRSTS 
there are 1000 credits, and each credit is worth 1/1000 the total allowable salt load.  
Credits can be purchased at auction, and traded amongst participants of the scheme.  
It is believed that the HRSTS is responsible for restoring the waters of the Hunter 
River to unprecedented levels of freshness (DEC, 2003).  A more detailed 
description of the technical basis of the HRSTS is presented in Appendix B. 
A Salinity trading scheme is one potential option to address the concerns regarding 
the consistency of discharge licensing conditions, achieving water quality objectives, 
and managing the cumulative impact of discharges from coal mines.  This project 
will look at the technical basis of the HRSTS that make it so successful and the 
science behind the scheme that enables the HRSTS to determine allowable salt loads, 
alert participants to discharge opportunities and successfully meet the cap on a 
catchment scale.  Then, following on from this, studies on the technical aspects and 
science of the Hunter River catchment will be compared with the current situation of 
the Fitzroy Basin in order to investigate the potential of implementing a salinity 
trading scheme in the Fitzroy Basin. 
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Figure 2-5 Hunter Valley Location Map 
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Figure 2-6 Hunter Valley Current and Future Coal Operations 
(Location of coal mines and coal projects sourced from Australian Atlas of minerals 
resources, mines and processing centres) 
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3 Methodology 
3.1 Introduction 
This project is a technical investigation for the potential to implement a salinity 
trading scheme for licensing of coal mine discharges in the Fitzroy Basin.  It will 
seek to review the technical requirements only and will not seek to analyse political, 
economic, legal or administrative aspects needed to implement a trading scheme.   
The technical investigation is primarily focussed assessing the hydrological 
characteristics of the Fitzroy catchment, the viability for modelling and prediction 
discharge events and calculation of total allowable discharge (TAD) as the mass of 
salt. 
Technical features to be investigated include, but are not limited to: 
• Catchment hydrology  
o Temporal and spatial patterns of catchment streamflow in major 
tributaries. 
o Magnitude and frequency of significant streamflow events. 
o Travel time of streamflow from headwaters through the catchment. 
• Catchment properties 
o Drainage patterns of major tributaries. 
o Possible influences of diffuse sources. 
o Water quality trends relative to streamflow. 
• Ambient water quality. 
o Water quality level acceptable for downstream uses. 
• Monitoring and instrumentation network. 
This project will seek to compare these aspects of the Fitzroy Basin with the Hunter 
River catchment.  The potential to implement a salinity trading scheme in the Fitzroy 
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Basin will be measured against the similarity of hydrological features identified in 
each catchment, particularly in relation to points above. 
3.2 Summary 
The Fitzroy basin covers a very large area and it would be impractical to apply this 
preliminary investigation over the full extent of the basin.  By analysing catchment 
properties for certain criteria and comparing those properties with features of the 
Hunter River catchment, a case study sub-catchment was identified.  Subsequent 
technical investigations were then applied to the identified sub-catchment only. 
As a first step in determining technical feasibility, a comparison of the physical 
catchment properties of the chosen sub-catchment and the Hunter River was 
undertaken.  Qualitative observations made regarding those comparisons formed the 
basis to the conclusions of this project.  Secondly, the capacity of the system to 
accommodate discharge salt loads, and the frequency of which this could occur was 
investigated. And, finally, the properties of streamflow event travel times in the 
Fitzroy basin case study sub-catchment were investigated in relation to the timing 
issues involved with the real-time operation of a salinity trading scheme. 
 
3.3 Data Collection 
For the determination of the technical features essential to the successful operation of 
a salinity trading scheme, data were collected on the physical and climatic properties 
of the Hunter River catchment.  The collection of this data was achieved through 
direct consultation with key personnel involved with the scheme during the design 
period, as well as those involved with the current operations.  Further data were 
obtained through internet downloads from relevant government sponsored websites 
and publications.  Important data obtained includes: 
• Catchment properties 
o Spatial resolution of stream networks. 
o Spatial and temporal properties of catchment hydrology (streamflow 
data). 
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o Ambient water quality (salinity and EC data). 
o Catchment areas. 
o GIS mapping data. 
• Industry and landuse  
o Types of industry within the catchment. 
o Spatial variability of point sources and diffuse sources of salinity. 
• Monitoring and instrumentation 
o Extent, level, and type of networks. 
o Records of stream monitoring data from strategic locations. 
Similar methods have been employed to obtain the equivalent catchment, industry 
and instrumentation data for the Fitzroy Basin. 
 
3.4 Data Analysis 
Desktop methods were employed to analyse and compare the information collected 
on the Hunter Valley and Fitzroy Basin.  Basic and specific software were utilised 
for the analysis in combination with graphical assessment.  Software is listed under 
Section 3.5. 
3.4.1 Identification of Sub-Catchment in Fitzroy Basin for Case Study 
Identification if a representative case study sub-catchment for this project has 
occurred through analysis of physical catchment features in the Hunter Valley and 
Fitzroy Basin.  The preferred characteristics of the case study sub-catchment are: 
• Gradual increase in catchment area with stream distance downstream. 
• Locations where multiple mines exist at present or planned. 
• Locations with good coverage of stream gauges. 
• As little influence as possible from diffuse sources of salt pollution. 
• Similarities with features of the Hunter Valley. 
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The analysis was conducted by the following procedure: 
1. For both the Hunter River catchment and Fitzroy Basin sub-
catchments plots of AMTD (river distance) versus catchment area 
were prepared to identify locations where major changes in catchment 
area. 
2. The Hunter River and Fitzroy Basin sub-catchment plots were 
compared to identify any significant differences between the 
catchments which could flag possible hydrological constraints or 
issues for application of a trading scheme in the Fitzroy Basin. 
3. Mapping of the Fitzroy basin sub-catchments and mine locations 
prepared. 
4. Mapping of stream gauge networks prepared. 
5. Mapping of diffuse salinity sources prepared. 
6. Through observations of the above features, a sub-catchment was 
chosen for case study that best achieves the indentified preferred 
characteristics. 
3.4.2 Catchment Comparison 
A major component of this project is to compare physical and technical features of a 
location where a successful salinity trading scheme operates, in this case, the Hunter 
River catchment. First, an understanding of the Hunter Catchment was necessary to 
identify the technical features that may be considered key to the success of the 
salinity trading scheme. 
As well as discussions with operational staff on the HTSTS, from the data gathered, 
observations and calculations were undertaken to identify those requirements.  
Features studied include: 
• Flow patterns; 
• Water quality; 
 22
• Industry and landuse; 
• Monitoring network; and 
• Rainfall. 
Study of the same features in the Fitzroy Basin sub-catchment then occurred with 
comparison and conclusions made on key technical features identified in the Hunter 
River catchment. 
The analysis was conducted by the following procedure: 
1. Six flow events from recorded streamflow and Electrical Conductivity (EC as 
a measure of salinity) data in the Hunter River catchment and six events in 
the Fitzroy Basin sub-catchment were identified and investigated.  
Consideration of the following was necessary in choosing flow events. 
a. Coincidence of flow and salinity data for the events. 
b. Avoidance of periods where historical mine discharge may have 
influence the recorded salinity data. 
2. For each event, a time series plot at each gauge of flow and salinity was 
prepared and reviewed.  Conclusions regarding streamflow patterns and 
evidence and consistency of an inverse relationship of EC with stream flow 
(for details regarding the importance of this relationship, known as a salinity 
sag, refer to Appendix B), relative to the streamflow hydrographs were 
drawn. 
3. For different stream gauge locations in the case study sub-catchment, 
conclusions have been drawn regarding differences in the salinity sag 
characteristics as flow travels downstream. 
4. Statistical analysis were undertaken on stream monitoring data of the Hunter 
River catchment and the Fitzroy Basin sub-catchment to compare average 
flow rates and water quality. 
5. The distribution of industry and landuse of the Hunter River catchment and 
the Fitzroy Basin sub-catchment as well as the network of stream monitoring 
gauges were compared and discussed 
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6. General rainfall patterns of the Hunter River catchment and the Fitzroy Basin 
sub-catchment have been compared and discussed. 
 
3.4.3 Defining a TAD and Frequency of Discharge Events 
To further investigate the technical feasibility for implementing a salinity trading 
scheme in the Fitzroy Basin, the previously identified flow events were analysed for 
the capacity to assimilate discharge salt loads.  This is an important fundamental 
element for a WQT scheme as identified in Chapter 2.  The available streamflow and 
EC monitoring records were also studied to determine the potential frequency of 
discharge opportunity events occurring, and the amount of salt that could be 
assimilated into the river flow.  The high level questions investigated include: 
• Are distinct salinity sag characteristics evident in the selected Fitzroy Basin 
sub-catchment? 
• What method can be used to assess the salt cap at various locations along the 
stream? 
• Will the stream need to be split into separate operating blocks where the salt 
cap increases with catchment area and flow? 
• Will the hydrology of the catchment provide adequate discharge 
opportunities for participants of a salinity trading scheme. 
The analysis was conducted by the following procedure: 
1. Discussions with HRSTS officers regarding methods used to estimate a TAD. 
2. Review of the Queensland Water Quality guidelines (QWQG) to determine 
an appropriate salinity limit and corresponding salt cap for the sub-catchment 
stream. 
3. Using the flow events of the Fitzroy basin sub-catchment identified as per 
Section 3.4.2 Catchment Comparison, TAD estimates were made for each 
event with an objective to ensure maximum downstream salinity remains 
below trigger values specified in QWQG using a simple salt and water 
balance hydrological model. 
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4. For available EC data, TAD over a three year period was calculated for a 
range of salinity limits from 200µS/cm to 350µS/cm using a simple salt and 
water balance hydrological model. 
5. From available streamflow data, the frequency of potential discharge 
opportunity events over a three year period were calculated using a range of 
flow criteria to define a discharge event. 
3.4.4 Timing of TAD Estimates and Defining Conditions for Individual 
Discharges and Possible Risks Associated with Timing of Discharges 
HRSTS is a successful water quality trading scheme. It is postulated that the 
particular combination of temporal and spatial patterns of catchment hydrology 
enables enough time to predict or observe commencement of a discharge event, 
estimate the event specific potential TAD, alert participants of the discharge 
opportunity, and allow participants to make preparations for either discharging water 
off site, or trading of discharge credits with other participants. 
For this project, it was envisaged that this analysis could have utilised similar 
procedures used by HRSTS personnel when undertaking these tasks.  It was 
anticipated that information from the HRSTS methodologies could be accessed to 
support this part of the analysis.  However, during the course of the project, it was 
identified that access to this information was not available due to commercial in 
confidence restrictions and discussions could not be held with the officers in charge 
of TAD modelling and estimation.  The project methodology was subsequently 
revised and an alternate analysis was conducted by the following procedure: 
1. Investigate publicly available HRSTS River Register documents to 
determine: 
a. Timing of initial TAD estimate in relation to discharge event timing. 
b. Frequency of issued river registers for determined discharge events. 
c. Consistency of determined TAD for river registers issued for each 
determined discharge event 
Following analysis of the Hunter River catchment, a hydrologic investigation of the 
selected Fitzroy basin sub-catchment was undertaken.  This study was conducted by 
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analysis of streamflow data and rainfall maps of the selected sub-catchment for the 
selected streamflow events (see Section 3.4.2 Catchment Comparison). High level 
questions investigated with this analysis included: 
• How fast does the streamflow move down the river system? 
• Is there sufficient time to determine allowable TAD and alert participants to a 
discharge opportunity? 
• If a discharge event is occurring in one section of the river sytem, can it be 
implied that an event is occurring in other sections? 
• How many locations would be required as monitoring points to adequately 
monitor the system? 
 
The analysis was conducted by the following procedure: 
1. Major flow events were selcted from recorded streamflow data for the 
selected Fitzroy Basin case study catchment where coincident data was 
available at gauges in the sub-catchment. 
2. Time series plots were created in excel and event volumes calculated.. 
3. Bureau of Meteorology (BOM) rainfall maps over the case study area for the 
period during and prior to each streamflow event were obtained for each 
event, to identify the uniformity or spatial variability of the rainfall across the 
sub-catchment with qualitative review made on the potential influences on 
the relative magnitude of tributary flows. 
4. Travel times between the gauges for the streamflow events were calculated.  
Significant variability in hydrograph shape as streamflow moves down the 
river and possible sources of variability identified (e.g. timing and/or 
magnitude of tributary streamflows). 
5. Results of 2, 3, & 4 above were compared with findings from Hunter River 
system and conclusions drawn regarding the hydrological influences on 
viability to estimate a TAD, timing required and timing available to achieve 
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this, and the possible need to update the TAD estimate as each event 
proceeds.   
 
3.5 Resources 
The technical investigation was a desktop study and analysis, therefore, conducted in 
an office environment.  The majority of resources utilised for this project were 
general office equipment, hardware, generic software, internet facilities and technical 
expertise.  As this project was an employer sponsored project, all resources were 
provided by the employer.   
Basic software utilised include the Microsoft Office Suite, predominantly Microsoft 
Excel.  Specific software included MapInfo for GIS mapping and GoldSim for 
building a hydrological model.   
Research of the existing Hunter River Salinity Trading scheme required a flight to 
Newcastle NSW and time away from work.  The cost of flights and accommodation 
were provided by the employer. 
Personal leave time was necessary. 
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4 Case Study Sub Catchment Identification 
4.1 Fitzroy Basin Catchment Properties 
4.1.1 River System 
The Fitzroy Basin is Australia’s largest river basin draining east from the great 
dividing range with a catchment area of 142,600km2 to the river mouth.  It is located 
in central Queensland, west of Bundaberg, Gladstone, Rockhampton and Mackay 
(see Figure 2-1 Fitzroy Basin Locality Plan) and comprises of 6 major river systems 
and sub-catchments.  These are Isaac-Connors, Nogoa, Comet, Mackenzie, Dawson 
and Fitzroy (see Figure 2-2 Fitzroy Basin Major Sub Catchments). 
4.1.2 Industry and Landuse 
As illustrated in Figure 4-1 and Figure 4-2 landuse in the Fitzroy Basin is dominated 
by grazing of beef cattle on predominately native grasses.  Other forms of agriculture 
are present, including dryland cropping and some irrigation.  Coal mining occupies 
the least area in the basin, but is considered Queensland’s most valuable export 
(Queensland Mines and Energy, 2009).  There are 40 operational coal mines in the 
basin and 50 potential new coal projects identified.  The locations of the operational 
mines and future coal projects is presented in Figure 4-3. 
4.1.3 River Monitoring Network 
The Fitzroy Basin is host to a variety of stream gauging stations that monitor various 
flow and water quality parameters.  The locations of identified monitoring sites are 
presented in Figure 4-4.  The gauging stations are owned by various government 
authorities and various agencies and therefore operated and maintained under 
different regulations or practices.  Documented history of gauge site selection within 
the catchment is not available and it is inferred that gauges were probably sited in 
response to individual projects and requirements, not planned strategically to operate 
as a holistic network. 
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Figure 4-1 Graph of Landuse  
(Reproduced from Christensen & Rodgers , 2005 p29) 
 
 
 
 29
 
 
 
 
Figure 4-2 Fitzroy Basin Landuse 
Based on or contains data provided by the State of Queensland (Department of Environment and Resource Management 
[2010].  In consideration of the State permitting use of this data you acknowledge and agree that the State provides  no 
warranty in relation to the data (including accuracy, reliability, completeness, currency or suitability) and accepts no liability 
(including without limitation, liability in negligence) for any loss, damage or costs (including consequential damage) relating 
to any use of the data.  Data must not be used for direct marketing or be used in breach of the privacy laws 
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Figure 4-3 Fitzroy Basin Coal Mines 
Based on or contains data provided by the State of Queensland (Department of Environment and Resource 
Management [2010].  In consideration of the State permitting use of this data you acknowledge and agree that the State 
provides  no warranty in relation to the data (including accuracy, reliability, completeness, currency or suitability) and 
accepts no liability (including without limitation, liability in negligence) for any loss, damage or costs (including 
consequential damage) relating to any use of the data.  Data must not be used for direct marketing or be used in breach 
of the privacy laws 
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Figure 4-4 Fitzroy Basin Stream Monitoring Sites 
Based on or contains data provided by the State of Queensland (Department of Environment and Resource 
Management [2010].  In consideration of the State permitting use of this data you acknowledge and agree that the 
State provides  no warranty in relation to the data (including accuracy, reliability, completeness, currency or 
suitability) and accepts no liability (including without limitation, liability in negligence) for any loss, damage or 
costs (including consequential damage) relating to any use of the data.  Data must not be used for direct 
marketing or be used in breach of the privacy laws 
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4.2 Case Study Sub Catchment 
Due to the large catchment area, varied landuse, and sparse stream gauge monitoring 
network, the total Fitzroy Basin was considered overly complex for this feasibility 
study.  Instead, a case study sub-catchment was chosen for the investigation.  The 
below discussion should be read in conjunction with the information illustrated in 
Figure 4-2,Figure 4-3, and Figure 4-4.  
4.2.1 Selection Criteria 
To identify a suitable base study sub-catchment, data for each sub-catchment were 
collected and analysed against specific criteria.  The criteria adopted were considered 
to describe a catchment where modelling might be achievable with the current 
available data with respect to limited upstream variables and where coal mining was 
present.  The criteria used were: 
1.  Number of mines – operational and identified projects. 
2. Catchment area (to compare with the Hunter River Valley) and relationship 
of catchment area to stream distance to identify if tributary (drainage pattern) 
characteristics would complicate the potential for streamflow event 
modelling. 
3. Ratio of diffuse pollution sources (irrigation and cropping) to catchment area. 
4. Availability of flow and conductivity monitoring data. 
 
 Table 4-1 summarises the analysis of the six sub-catchments. 
 
4.2.2 Isaac/Connors Catchment 
The Isaac Connors sub-catchment hosts the majority of the operational mines, and 
the majority of the identified coal projects.  The number of operational mines is 
similar to those in the HRSTS, and if a salinity trading scheme were to be trialled, 
this would appear to be an ideal location.  The Isaac/Connors sub-catchment also has 
small influence from diffuse salinity sources from agricultural practices. 
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Table 4-1 Case Study Sub-Catchment  Summary Criteria and Data  
  Sub Catchment 
Isaac/ 
Connors Nogoa Comet Dawson Mackenzie Fitzroy 
M
in
es
 
Operational 17 4 3 6 11 0 
Projects 24 6 11 4 5 0 
Total 41 10 14 10 16 0 
C
at
ch
m
en
t Catchment Area vs 
Stream Distance 
steep 
incline 
(note 1) 
steep 
incline 
Gradual 
(note 2) na 
steep 
incline na 
Catchment Area 
(km2) 22045 27168 16800 49969 12617 10924 
D
iff
us
e 
S
ou
rc
e 
Irrigation (km2) 17.4 264.3 64.5 296.0 51.2 54.4 
Dryland (km2) 541.9 2889.3 1955.9 2771.5 421.7 189.2 
Total (km2) 559.3 3153.6 2020.4 3067.5 473.0 243.6 
Irrigation (% Area) 0.1% 1.0% 0.4% 0.6% 0.4% 0.5% 
Dryland (% Area) 2.5% 10.6% 11.6% 5.5% 3.3% 1.7% 
Total (% Area) 2.5% 11.6% 12.0% 6.1% 3.7% 2.2% 
C
on
tin
uo
us
 M
on
ito
rin
g 
G
au
ge
s 
Flow 
9 9 7 18 7 3 
Conductivity 
2 5 3 8 2 2 
Flow Gauges  
(x 10-4 per km2) 4.1 3.3 4.2 3.6 5.5 2.7 
Conductivity 
Gauges (x 10-4 per 
km2) 0.9 1.8 1.8 1.6 1.6 1.8 
 
Table Notes: 
(1) A steep incline in the relationship between stream distance and catchment area means that a 
substantial change occurs in total catchment area where major tributaries join together.  This 
could pose a complex hydrological problem for modeling of flow events, if limited gauge 
information is available, particularly for conditions when a major flow occurs in one tributary 
and little flow occurs in others. 
(2) A gradual slope in the relationship between stream distance and catchment area means that 
the catchment area increases progressively and gradually relative to stream distance.  There 
are few or no major tributaries, which provide greater hydrological confidence to model flow 
events through the sub-catchment. 
 
 
The Isaac/Connors catchment shows a sharp increase in catchment area with stream 
distance (see Figure 4-5) due to the major tributaries, Funnel Creek, Denison Creek, 
Connors River, and the Isaac River.  The large increase suggests potential for 
complicated hydraulic process due to complexities in EC and flow dynamics at and 
after stream tributary junctions.  An option would be o divide the catchment into 
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smaller sub-catchments, however, catchments of smaller size would make the study 
area too small in relation to the size of the Hunter catchment. 
 
 
Figure 4-5 Isaac/Connors Catchment Area versus Stream Distance 
 
Many of the coal mines operating in the Isaac/Connors catchment have been 
operational for a long time.  Information on possible historical discharges from 
existing mine operations was not available and the sparse stream gauge network 
precluded ability to identify suitable sets of stream gauge data where there would be 
confidence that gauge data would not be affected by historical mine discharges.  
Also, the ratio of available conductivity monitoring data sites per catchment area, 
and the monitoring gauges that do exist are not in locations that would offer a 
complete picture of the conductivity in the river system.  One gauge is located just 
downstream of the confluence of the Dennison and Connors rivers.  The other gauge 
is located downstream of the confluence of the Isaac and Connors rivers. 
The Isaac/Connors sub-catchment meets only a few of the selected criteria for a case 
study sub-catchment and was therefore not considered for further study. 
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4.2.3 Nogoa Catchment 
The Nogoa catchment hosts an average number of operational mines and identified 
future coal mine projects.  There are a reasonable number of conductivity recording 
gauges in the catchment.  Further study revealed that the conductivity gauges are 
centrally located in the secondary tributaries of Sandy and Theresa Creeks and only 
one gauge is actually on the major water course, Nogoa River.   
There is a large irrigation development in this sub-catchment which would be a 
potential diffuse source of pollution. The irrigation development is, supplied by the 
river system and storage in, Fairbairn Dam (1,301,134ML storage capacity, 
Australian Government ANRA).  It is considered that the interaction of the dam 
operation for regulation of river flow to maintain downstream environmental flows 
and supply to irrigation farmers, town supply and coal mines, with river flood 
hydrology (overflows) is a factor that could influence the presence or predictability 
of a salinity sag in this catchment. 
The Nogoa catchment area does not increase gradually with stream distance due to 
the presence of the secondary tributaries Sandy Creek and Theresa Creek.  Again, 
this would suggest complications for modelling processes due to complexities in EC 
and flow dynamics at and after stream tributary junctions 
The Nogoa catchment meets only a few of the selected criteria for a suitable case 
study sub catchment. 
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Figure 4-6 Nogoa Catchment Area versus Stream Distance 
 
4.2.4 Comet Catchment 
The Comet River catchment is made up of 3 major water courses, the Carnarvon 
Creek, Brown River and the Comet River.  The catchment contains a high ratio of 
agricultural activities to catchment area.  These practices could complicate modelling 
of conductivity and flow to account for diffuse salinity sources and could create 
complexities in a salinity trading scheme.  These may be overcome by timely 
baseline surveys conducted ahead of further coal mine development. 
A small number of operational coal mines are located in the Comet catchment, but a 
large number of coal projects are identified in this area.  The future mines in this 
catchment may provide sufficient numbers for the operation of a salinity trading 
scheme.  Flow and water quality gauges have a good ratio to catchment area and, are 
strategically located to cover the stream length.  Also, catchment area shows a 
gradual increase with stream distance due to the absence of major tributaries 
junctions in the lower catchment (Figure 4-7). 
The Comet catchment meets the criteria for a case study sub-catchment in most 
areas. 
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Figure 4-7 Comet Catchment Area versus Stream Distance 
 
4.2.5 Dawson Catchment 
The Dawson sub-catchment contains a large number of flow gauges recording flow 
and salinity, but the ratio of gauges to catchment area is quite low.  Agricultural 
activities in this catchment are comparatively low; however, the irrigation industry is 
clustered approximately in the centre of the catchment which may complicate 
modelling of salt loads.  There are very few operational mines or coal projects 
identified in this sub-catchment, especially considering the size of the catchment.  
The Dawson catchment is the largest of the sub-catchments which would make it the 
most complex for modelling purposes.   
The Dawson catchment does not meet the several of the criteria for a case study sub-
catchment, therefore it was considered unnecessary to produce a catchment area 
versus stream distance graph. 
 
4.2.6 Mackenzie Catchment 
There are a large number of operational coal mines and identified coal projects for 
the area of catchment, as well, a low ratio of agricultural activities per catchment 
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area.  There are a high number of flow monitoring stations and a reasonable ratio of 
electrical conductivity monitoring. 
The Mackenzie catchment is centrally located in the Fitzroy Basin and has the 
Isaac/Connors, Nogoa and Comet sub-catchments entering along the length of the 
Mackenzie River.  Due to the entry of the Isaac River into the Mackenzie River, the 
catchment area versus stream distance shows a major change at this confluence. 
The Mackenzie catchment is not considered an ideal case study catchment due to the  
likely complexity of the upstream influences, including coincidence or separation of 
flow events from individual tributaries. 
 
 
Figure 4-8 Mackenzie Catchment Area versus Stream Distance 
 
4.2.7 Fitzroy Catchment 
The Fitzroy sub-catchment forms the lower reaches of the basin.  It receives water 
from all the upper catchments directly or indirectly.  There are no operational mines 
in this sub-catchment, nor identified coal projects.  For these reason the Fitzroy sub-
catchment was not further considered for the case study sub-catchment. 
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4.3 Case Study Sub Catchment Selection and Summary 
The Isaac/Connors catchment has the greatest number of mines both current and 
future, followed by Mackenzie then Comet.  However the Isaac/Connors catchment 
has only two quality gauges which are not located on the Isaac River main stream 
where the mining industry is focused. 
Comet and Fitzroy Catchments show a gradual increase in catchment area with 
stream distance downstream.  Isaac/Connors, Nogoa, Dawson and Mackenzie show a 
steep incline due to major tributaries joining the main stream. 
The Isaac/Connors and Fitzroy catchment would be expected to have the least impact 
influence from agricultural activities and corresponding diffuse source salt loads on 
the river.  Comet and Nogoa agricultural activities would be expected to have greater 
influences from diffuse source salt loads.  Consideration of irrigated agriculture only, 
activities in the Isaac/Connors, Comet and Mackenzie would be expected to have the 
least impact on salt loads in the river system, and, Nogoa and Dawson catchments 
the most.  Agricultural areas in the Comet are located in the lower portion of the sub-
catchment, and hence, should not influence the salt loads of the river system in the 
areas of mining, and hence area of a salinity trading scheme. 
Dawson and Comet catchments have the greated coverage for continuous monitoring 
of river flow.  Monitoring of conductivity is generally similar among most sub-
catchments and more sparse in the Isaac/Connors sub-catchment.  The conductivity 
and flow monitoring of the Comet catchment are well placed to provide a good 
coverage of the river system, one located in the upper catchment, one in the middle 
of the catchment, and one in the lower catchment. 
The Comet sub-catchment was considered to provide he best match to the case study 
selection criteria.  This sub-catchment has a low number of current operational mines 
and a high number of identified future coal projects.  The fact that there is only three 
operational mines means there will be less effect from historical coal mine 
discharges in the available monitoring data.  Agricultural industry is significant, but 
mostly restricted to the lower portion of the catchment downstream of the coal 
mines.  The stream gauge locations should provide a reasonable representation of the 
hydrology and salinity patterns of the movement of streamflow events down the river 
system. 
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5 Catchment Comparison 
5.1 Introduction 
Through research of the HRSTS, several catchment features and characteristics of 
the Hunter River catchment have been identified as possibly contributing to the 
success of the scheme.  It is the purpose of this chapter to compare these features of 
the Hunter River catchment with those of the Comet River catchment and draw 
conclusions based on these comparisons with respect to the viability of 
implementing a similar trading scheme in the Comet.  Specific features include 
general catchment properties such as river system characteristics, ambient water 
quality, industry and landuse, river monitoring network and climate, as well as the 
more technical features of temporal and spatial patterns of the catchment hydrology.  
These features and characteristics are deemed to play a role in the ability to 
accurately model the flow and salinity characteristics and relationships, as well as 
proving the stream networks ability to assimilate external salt loads. 
 
5.2 Catchment Properties 
5.2.1 Hunter River Catchment 
The Hunter River Salinity Trading Scheme (HRSTS) is a successful cap and trade, 
water quality trading scheme.  A cap is set on salinity levels in the Hunter River, and 
scheme participants purchase and trade rights to discharge salt into the River at times 
when the river has sufficient flow and low salinity to provide the capacity to 
assimilate salt load.  A full explanation of how the scheme works is located in 
Appendix B - Hunter Salinity Trading Scheme. 
The Hunter River catchment is located on the central coast of NSW (see Figure 5-1), 
one hour north of Sydney.  The catchment area is 16,400km2 to the township of 
Singleton and, 21,400km2 to the river mouth.  It is at the township of Singleton that 
the Hunter River salinity levels are measured and compliance determined.  There are 
two major river networks in the catchment, namely the Hunter River, and the 
Goulburn River.   
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Within the catchment, two major dams, Glenbawn Dam and Glennies Creek Dam 
regulate water releases to the Hunter River system for a variety of downstream uses. 
Industry in the Hunter River valley is a mix of industrial activity (coal mining and 
power generation) and various form of agriculture, including viticulture, horticulture 
intensive agriculture and grazing.  The coal mining and power generation industry 
utilise the Hunter River as a water source, as well as a mechanism for discharging 
excess water from site.  Coal mining and power generation water discharges often 
have elevated salinity.  Many of the agricultural activities, especially viticulture and 
horticulture, utilise the Hunter River as an irrigation source. 
 
 
Figure 5-1 Hunter River Locality Map 
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5.2.1.1 River System 
The Hunter River network comprises of two major tributaries, the Hunter River in 
the North and South of the catchment, as well as the Goulbourn River which enters 
the Hunter River from the west.  Figure 5-2 illustrates these major tributaries, and 
smaller tributaries of the catchment. 
The Hunter River is approximately 279km to the township of Singleton  and 440km 
in length to the river mouth..  Eastward flowing rivers and streams along the eastern 
seaboard of Australia have characteristically limited lengths due to the Great 
Dividing Range.  Stream length is based on measurement of topographic data 
provided by Geoscience Australia.  Catchment area generally shows a uniform 
relationship with stream length, and a large change in catchment at the junction with 
the Goulbourn River (see Figure 5-3 Hunter River catchment Area vs River 
Distance. 
The Hunter River flow is regulated by Glenbawn Dam (750,000ML capacity), 
located in the upper catchment on the Hunter River near Scone and Glennies Creek 
Dam, located on Glennies Creek (283,000ML capacity), north of Singleton (see 
Figure 5-2 for locations).  These two dams are used in conjunction to meet irrigation, 
town water supplies, stock and riparian uses (Woodward Clyde, 1992).  During times 
of low flow, water is released from these two dams to regulate the flow in the Hunter 
to an approximate 50-100 ML/day (Woodward Clyde, 1992).  Flow duration curves 
for the Hunter River catchment at selected gauging stations (see Section 5.3.1.1), are 
presented in Figure 5-4.  These curves show that apart from stream gauge 210052 
which is upstream of the regulating dams, there is flow recorded in the Hunter River 
100% of the time. 
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Figure 5-2 Hunter Valley River Network 
(Stream gauge locations sourced from NSW Office of Water website) 
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Figure 5-3 Hunter River catchment Area vs River Distance 
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Figure 5-4 Flow Duration Curves - Hunter River 
 
5.2.1.2 Water Quality 
Previous studies undertaken prior to the implementation of the Hunter River 
catchment show that the Hunter River has naturally elevated salinity.  This is the 
result of the geology and geomorphology of the region.  Table 5-1 shows the 
variations in Electrical Conductivity (a measure of salinity) at different locations 
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along the river, for a selection of years prior to the HRSTS implementation.  
Analysis of the available water quality data confirms that the EC can be highly 
variable, however, Table 5-1 reveals that there is a trend of increasing average 
conductivity with distance downstream.  Information on the selection of gauging 
stations for analysis and their locations is presented in section Section 5.3.1.1, and 
their locations are presented in Figure 5-2.  Further information regarding the time 
period of information used in analysis is presented in Appendix C – Gauging Station 
Details. 
 
Table 5-1 Statistical Summary of EC Hunter River 
      Electrical Conductivity (uS/cm)  
Gauging Station 
Location in 
Catchment  Max  Min  Mean  Median  95th PC 
20002 Muswellbrook 
Bridge  Upper  1759  38  477  436  741 
210055 Denman  Middle  1276  0  534  509  821 
210083 Liddell  Middle  1862  15  689  673  1036 
210129 Singleton  Lower  1689  76  651  636  932 
 
5.2.1.3 Industry and Landuse 
Industry in the Hunter River catchment is a mix of industrial activity (coal mining 
and power generation) and various forms of agriculture, including viticulture, 
horticulture and grazing.  The relative catchment portions of landuse in the 
catchment are illustrated in Figure 5-5. 
There are twenty operational coal mines and two power generation companies 
clustered in the middle of the catchment as illustrated in Figure 5-6.  These industries 
rely on the Hunter River for discharging excess water from site.  Due to the nature of 
these industries, discharges from sites occurs at one or more point sources, making 
the level of pollution load emitted off site (as quantity and quality) measurable as 
well as governable.   
Intensive agricultural activities (horticulture and viticulture) are concentrated around 
the lower catchment areas, downstream of the locations of the coal mines.  These 
industries rely on the Hunter River for irrigation water supply.   
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Grazing on unimproved pasture in the upper reaches of the catchment is the 
dominant landuse in the catchment  
The spatial distribution of landuse over the Hunter River catchment may be a 
contributing factor in the success of the HRSTS.  Point sources of pollution (coal 
mines and power generation) are centrally located, and clustered in the middle of the 
catchment.  Discharges from sites are easily monitored at the locations of discharge.  
In the upper catchments, it is inferred that grazing is unlikely to have a major effect 
on the levels of salinity in the river, and irrigation and intensive agricultural practices 
are mostly located downstream of the scheme locale. 
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Figure 5-5 Landuse of Hunter River Catchment 
(Reproduced from: Land use mapping program June 2000 to June 2007, Department of 
Environment, Climate Change and Water, New South Wales) 
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Figure 5-6 Hunter Operational and Project Coal Mines 
(Location of coal mines and coal projects sourced from Australian Atlas of minerals 
resources, mines and processing centres) 
 
5.2.1.4 River Monitoring Network 
Of the 54 gauging stations currently operating in the Hunter River catchment, 47 are 
connected to the Hunter Integrated Telemetry System, or HITS.  HITS is a system 
which collects realtime data from remote monitoring sites using radio or telephone 
signals (NSW Government, 2010a).  Information recorded at the gauging stations 
includes water level (and hence a measure of flow), and salinity as EC, however, 
both parameters are not monitored at every site.  All stations record water level, and 
half, record salinity  
The signals from the HITS gauging stations are received at a central computer 
control system, or as needed at remote locations.  The NSW Office of Water (NOW) 
monitors the signals received and use the information as an early flood warning 
system, to monitor releases from dams, as well as monitor the discharge of saline 
waters from participants of the HRSTS.   
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Prior to the implementation of the pilot HRSTS, the stream gauge monitoring 
network in the Hunter River catchment was more sparse.  Only 28 of the gauges 
have been online since 1960, none of which have recorded EC.  For the 27 gauges 
that now record EC, the EC measurements have only been available since the early 
nineties.  The first gauging station to record EC was established in 1991; most of the 
others were established in 1993.  The pilot for the HRSTS began in 1995, with two 
years of available salinity data. 
The ability to monitor the salinity levels in the river in real-time is a contributing 
factor to the success of the HRSTS.  With real-time monitoring data being received 
at a central location, any breaches to the salinity cap set for the Hunter River can be 
identified and located, and appropriate action implemented.  The modelling involved 
in determining the TAD for discharge events relies on the input of flow and EC 
monitoring data from the reaches upstream of the HRSTS operational area.  With 
this information available real-time, predictions of TAD can be offered to scheme 
participants with sufficient time to prepare for discharges or trading. 
 
5.2.1.5 Rainfall 
The Hunter River catchment falls within the Koeppen climate classification of 
Temperate and as such, the catchment experiences higher summer rainfall, and lower 
winter rainfall, but no dry season.  This is confirmed by the monthly statistical 
rainfall data as presented in Figure 5-7.  The locations of rainfall gauges used for the 
monthly rainfall plot are presented in Figure 5-8.  The rainfall statistics illustrate a 
higher rainfall in the summer, but still substantial rainfall in the winter.   
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Figure 5-7 Hunter River catchment Mean Monthly Rainfall 
(Rainfall statistics reproduced from data available for download from the Bureau of 
Meteorology website, www.bom.gov.au.  Details of rainfall gauges are presented in 
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Appendix E – Climate Data) 
 
Figure 5-8 Hunter River catchment Rainfall Station Locations 
(Rainfall gauge locations sourced from the Bureau of Meteorology website, 
www.bom.gov.au.  Details of rainfall gauges are presented in 
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Appendix E – Climate Data) 
5.2.2 Comet River catchment 
5.2.2.1 River System 
As previously discussed in Section 4.2.4, the Comet River catchment measures 
16,800 km2 to the confluence with the Nogoa and Mackenzie Rivers.  The river 
system is made up of 3 major water courses, Carnarvon Creek, Brown River and the 
Comet River as presented in Figure 5-10. 
The Comet River (including upstream tributaries of Carnarvon Creek and Brown 
River from confluence with Carnarvon Creek) is approximately 275km in length.  
Stream length distance is based on measurement of topographic data available from 
Geoscience Australia.  Catchment area shows a uniform relationship with stream 
length, with a slight change at the confluence of Carnarvon Creek and Brown River 
(see Figure 4-7) 
The Comet River flow is not regulated by a dam and streamflow would be expected 
to reasonably reflect natural hydrological influences.  Flow duration curves for 
selected stream gauge locations (see Section 5.3.2.1) on the Comet River and 
tributaries Carnarvon Creek and Brown River are presented in Figure 5-9.  These 
curves show that at most locations along the river system, there is no flow recorded 
for over 50% of the time.  The exception at stream gauge 130509A which shows that 
no flow for greater than 35% of the time.  This clearly demonstrates that the Comet 
River system is ephemeral. 
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Figure 5-9 Flow Duration Curves - Comet River 
 
5.2.2.2 Water Quality 
Table 5-2 shows the variations in EC (a measure of salinity) at different locations 
along the river, for a selection of years where EC data was available.  Analysis of the 
available water quality data confirms that conductivity can be variable, however, 
Table 5-2 shows that there is a trend of increasing average conductivity with distance 
downstream.  Information on the selection of gauging stations for analysis and their 
locations is presented in Section 5.3.2.1.  Further information details of the stream 
gauges used in this analysis is presented in Appendix C – Gauging Station Details 
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Figure 5-10 Comet River Catchment River System and Monitoring Network 
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Table 5-2 Statistical Summary of EC Comet River catchment  
      Electrical Conductiivty (uS/cm) 
Gauging Station 
Location in 
Catchment  Max  Min  Mean  Median  95th PC 
130506A ‐ Comet River @ The Lake  Middle  528  11  242  244  346 
130504A ‐ Comet @ AMTD 17.2km  Lower  1020  0  300  255  715 
Statistical analysis conducted on all available periods of data for the above stream gauge 
stations.  Details on available data can be located in Appendix C – Gauging Station Details 
5.2.2.3 Industry and Landuse 
Industry in the Comet River catchment is a mix of industrial activity (coal mining) 
and various forms of agriculture, including horticulture, irrigated crops, and grazing.  
The distribution of landuse through the catchment is illustrated in Figure 5-11. 
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Figure 5-11 Landuse Comet River catchment 
(Landuse data sourced from Landuse Mapping 1999 Queensland (ISO 19139), 
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There are three operational coal mines in the Comet River catchment and eleven 
identified coal projects (see Figure 4-3).  It can be seen from Figure 4-3 that the 
location of the operational mines and coal projects are confined to the middle and 
lower catchment. 
There are no intensive agricultural activities (horticulture, or dairy) located in the 
catchment, there are, however, dryland and irrigated cropping industries.  These 
agricultural activities are predominantly confined to the downstream half of the 
Comet River catchment. 
Grazing on unimproved, native pasture is the dominant landuse in the catchment and 
occurs throughout the catchment.  There appears to be no irrigated pasture in this 
catchment. 
 
5.2.2.4 River Monitoring Network 
Of the 14 identified monitoring sites in the Comet River catchment (see Figure 4-4), 
there are only 7 that record continuous monitoring flow data, only 3 record 
continuous monitoring EC data and only 1 is currently actively recording EC data.  
The continuous monitoring sites offering EC data are evenly distributed through the 
stream length. 
 
5.2.2.5 Rainfall 
The Comet River catchment falls within the Koeppen climate classification of 
Subtropical and as such, the catchment experiences very higher summer rainfall, and 
very low winter rainfall, but no real dry season.  This is confirmed by the monthly 
statistical rainfall data as presented in Figure 5-12.  The locations of rainfall gauges 
used for the monthly rainfall plot are presented in Figure 5-13.  The rainfall statistics 
illustrate a much higher rainfall in the summer than that experienced in the winter 
months. 
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Figure 5-12 Comet Catchment Mean Monthly Rainfall 
(Rainfall statistics reproduced from data available for download from the Bureau of 
Meteorology website, www.bom.gov.au.  Details of rainfall gauges are presented in 
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Appendix E – Climate Data) 
 
Figure 5-13 Comet Catchment Selected Rainfall Stations 
(Rainfall gauge locations sourced from the Bureau of Meteorology website, 
www.bom.gov.au.  Details of rainfall gauges are presented in 
 61
Appendix E – Climate Data) 
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5.3 Catchment Hydrology 
To investigate and compare the hydrologic characteristics of the Hunter and Comet 
River catchments, six flow events from the available monitoring data for each 
catchment were identified.  From these events, conclusions were drawn regarding 
streamflow patterns and EC relationship to flow for the catchments.   
5.3.1 Hunter River Flow Events 
5.3.1.1 Selected Gauging Stations 
For the analysis of selected flow events, it was necessary to identify gauging stations 
from which to obtain monitoring data.  The HRSTS operates in the area upstream of 
the township of Singleton.  For the purposes of scheme operation and modelling, this 
section of the Hunter River (upstream of Singleton) is divided into three segments: 
upper, middle and lower (see Figure 5-14). 
 
 
Figure 5-14 Hunter River Segments and Selected Gauging Stations 
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For a reasonably complete picture of the catchment, gauging stations from each 
segment, and one from the upper reaches were chosen for the analysis.  There is 
181kms between the most upstream gauge and most downstream gauge chosen and 
these stations also effectively enclose the mining industry, and are listed Table 5-3.  
Locations of gauging stations are presented in Figure 5-14.  Further details of 
gauging stations are presented in Appendix C – Gauging Station Details. 
Table 5-3 Selected Gauging Stations 
Gauging Station 
(Hunter River) 
Location on River 
Segement 
210052 Pages River @ Gundy Outside (Upper Reaches) 
210002 Muswellbrook Bridge Upper 
210055 Denman Middle 
210083 Liddell Middle 
210129 US Singleton Lower 
 
5.3.1.2 Flow Timeseries 
Flow events for analysis were chosen to define a broad range of flow volumes, have 
dates where EC data was available, and to occur before the onset of the HRSTS.  Six 
such events were identified and important features summarised below in Table 5-4.  
Time series plots of the events are presented in Figure 5-15 to Figure 5-20. 
Table 5-4 Hunter River Catchment Selected Flow Events Summary 
Event 1 
Gauging Station 
210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 6639 9849 7971 6684 2893 
Date Rise 
5/08/93 6:00 5/08/93 12:57 5/08/93 19:12 5/08/93 21:36 6/08/93 7:55 
Date Peak 
5/08/93 7:55 5/08/93 16:04 5/08/93 22:19 6/08/93 6:00 6/08/93 16:33 
Date Fall 
6/08/93 13:00 12/08/93 19:00 8/08/93 0:00 9/09/93 4:45 9/08/93 6:00 
Rise To Peak 
(day) 0.08 0.13 0.13 0.35 0.36 
Travel Time 
(day)* 0.00 0.34 0.60 0.92 1.36 
Max EC 
(uS.cm) na 760 716 810 1034 
Min EC 
(uS.cm) na 278 367 244 397 
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Event 2 
Gauging Station 210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 25557 18448 13097 8776 2930 
Date Rise 
18/10/93 21:00 19/10/93 4:00 19/10/93 11:00 19/10/93 19:15 20/10/93 7:30 
Date Peak 
19/10/93 0:00 19/10/93 6:57 19/10/93 14:00 19/10/93 22:30 20/10/93 11:31 
Date Fall 
19/10/93 20:00 20/10/93 20:00 20/10/93 15:45 20/10/93 23:00 21/10/93 12:00 
Rise To Peak 
(day) 0.13 0.12 0.13 
0.14 
 0.17 
Travel Time 
(day)* 0.00 0.29 0.42 0.91 1.48 
Max EC 
(uS.cm) Na 463 667 777 899 
Min EC 
(uS.cm) na 287 328 655 568 
 
Event 3 
Gauging Station 210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 27819 26744 26613 36108 15733 
Date Rise 
10/12/95 20:00 10/12/95 23:00 11/12/95 7:15 11/12/95 8:30 11/12/95 21:15 
Date Peak 
10/12/95 22:04 11/12/95 4:04 11/12/95 12:00 11/12/95 18:00 12/12/95 4:04 
Date Fall 
11/12/95 14:00 12/12/95 0:00 12/12/95 9:00 13/12/95 3:45 13/12/95 21:00 
Rise To Peak 
(day) 0.09 0.21 0.20 0.40 0.28 
Travel Time 
(day)* 0.00 0.25 0.58 0.83 1.25 
Max EC 
(uS.cm) na 596 781 733 689 
Min EC 
(uS.cm) na 279 264 342 467 
 
Event 4 (second peak) 
Gauging Station 210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 4069 3866 3519 3397 3391 
Date Rise 
2/06/93 13:55 3/06/93 0:00 3/06/93 7:00 3/06/93 18.:49 4/06/93 2:09 
Date Peak 
2/06/93 17:02 3/06/93 4:04 3/06/93 9:50 3/06/93 22:19 4/06/93 11:16 
Date Fall 
4/06/93 10:00 5/06/93 13:00 6/06/93 12:00 7/06/93 9:44 14/06/93 0:00 
Rise To Peak(day) 
0.13 0.38 .0.12 0.15 0.38 
Travel Time 
(day)* 0.00 0.46 0.70 1.22 1.76 
Max EC 
(uS.cm) Na 824 1130 890 1074 
Min EC 
(uS.cm) na 269 388 317 485 
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Event 5 
Gauging Station 210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 2290 2180 2083 2002 1155 
Date Rise 
10/09/93 1:00 10/09/93 12:00 10/09/93 21:45 11/09/93 6:03 12/09/93 4:00 
Date Peak 
10/09/93 3:07 10/09/93 18:57 11/09/93 5:31 11/09/93 18:57 12/09/93 12:57 
Date Fall 
11/09/93 13:00 13/09/93 13:00 14/09/93 14:00 14/09/93 14:00 15/09/93 0:00 
Rise To Peak 
(day) 0.09 0.29 0.32 0.54 0.37 
Travel Time 
(day)* 0.00 0.66 1.10 1.66 2.41 
Max EC 
(uS.cm) na na 1292 na 1392 
Min EC 
(uS.cm) na na 563 na 690 
 
Event 6 
Gauging Station 210052 210002 210055 210083 210129 
Peak Flow 
(ML/day) 6479 6045 4078 1916 832 
Date Rise 
20/11/94 23:00 21/11/94 7:00 21/11/94 17:15 22/11/94 7:15 23/11/94 5:45 
Date Peak 
21/11/94 1:00 21/11/94 11:02 21/11/94 19:12 22/11/94 10:19 23/11/94 12:14 
Date Fall 
21/11/94 20:00 22/11/94 9:00 22/11/94 21:30 23/11/94 12:30 24/11/94 16:30 
Travel Time 
(day)* 0.08 0.17 0.08 0.13 0.27 
Travel Time 
Peak (day) 0.00 0.42 0.76 1.39 2.47 
Max EC 
(uS.cm) na 389 434 546 na 
Min EC 
(uS.cm) na 308 392 365 na 
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Figure 5-15 Hunter River Catchment Flow Event 1 
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Figure 5-16 Hunter River Catchment Flow  Event 2 
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Figure 5-17 Hunter River Catchment Flow Event 3 
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Figure 5-18 Hunter River Catchment Flow Event 4 
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Figure 5-19 Hunter River Catchment Flow Event 5 
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Figure 5-20 Hunter River Catchment Flow Event 6 
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5.3.1.3 Discussion 
5.3.1.3.1 Streamflow Patterns 
It can be observed from the selected flow events that the Hunter River exhibits 
expected flow behaviour.  As illustrated in all flow events, the rise to peak exhibited 
in the upper reaches is much flashier than the subsequent peaks as the flow travels 
downstream.  This is more evident in flow events where peak flow is below 
10,000ML/day (Events 1, 4, 5 and 6) but is also apparent in the larger flow events. 
 In all but one event, the peak flow is predictably attenuated and translated as the 
flow moves downstream.  The exception is presented in Event 1 where the peak flow 
at the second gauging station is substantially higher, and the area under the 
hydrograph appears to be greater than expected.  Potential reasons for this behaviour 
could include an uneven rainfall distribution upstream of gauge 210002 and on 
separate tributaries.  Releases from Glenbawn dam registering at gauge 210002 may 
also be an influence.  Observations of the rainfall patterns preceding and during this 
event show that heavy showers were experienced around the location of gauge 
210002, and not around gauge 210052.  Rainfall maps for these events are presented 
in Appendix F – Rainfall Maps for Flow Events. 
The hydrograph recession for each event also displays the expected flow behaviour.  
The flow event through the upper reaches recedes at a faster rate than at locations 
downstream.  The extended hydrograph recession of Event 4, at gauge 210129 can 
be attributed to a second rainfall event over the lower catchment.  The events 
hydrographs also attenuates as the flow travels downstream. 
 The overall general shape of the hydrograph appears uniform for each event.  The 
related peak flow at each downstream gauge is easily identifiable.  Event 4 depicts a 
double peak event.  As with Event 1, the peak from gauge 210052 and 210002 
experiences something unusual.  The first and second peaks on gauge 210002 are of 
equal size, whereas they should resemble gauge 210052.  This could be explained 
again by uneven rainfall distributioin across the upper tributaries, and/or releases 
from Glenbawn dam. 
Travel time from peak to peak for the flow events has been calculated and presented 
in the summary tables.  Travel times for Events 1-4 appear to be consistent and 
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average 1.46 days from upper gauge to lower gauge (181km).  Events 5-6 exhibit a 
much longer travel time, averaging 2.44 days.  The travel time for Event 6 is 
extended only at the last two gauges as upstream of gauge 210055, the travel time 
appears consistent with the other events.  A possible reason for the extension of 
travel time could be related to the rainfall patterns preceding this event which show 
heavy rainfall isolated over the Goulbourn River sub-catchment.  The travel of this 
runoff over the length of the Goulbourn River could have extended the flow peak 
downstream of the confluence with the Hunter River.  Event 5 travel time is 
extended through the whole event, possibly due to the small size of the event 
upstream increasing infiltration and attenuation and travel time as the peak travels 
downstream,  
5.3.1.3.2 Relationship of EC to Flow 
Electrical conductivity data was available for four of the selected gauging stations in 
the Hunter River catchment.  An inverse relationship of EC to flow is observed in all 
events.  This is observed by the decrease in EC during the rise of the hydrograph.  
The decrease in EC is more obvious in the upstream gauges than that at the lower 
end of the scheme catchment (210129).  This behaviour may reflect diffuse pollutant 
sources along the lower river segment, but these sources are few along the HRSTS 
river segments.  The more likely cause would be discharges from coal mining and 
power generation industry during the wet event.  This industry as previously 
discussed is clustered in the middle of the catchment, along the lower portion of the 
middle river segment. 
In Event 6, the reduction in EC appears to be less than that occurring during the 
other events, and the behaviour at gauge 210129 appears erratic.  Possible reasons 
for this behaviour could include isolated localised inflow of low salinity water such 
as town stormwater, or, a technical issues with the EC probe.   
As discussed previously in Section 5.2.1.2 Water Quality, the average EC increases 
with the flow of water downstream.  This behaviour can also be observed in the time 
series plots for each event before the rise of the flow peak.  The background EC is 
consistently higher at each downstream gauge.  Also, with each downstream gauge, 
the decrease in EC during the flow is less.  The rise back to ambient EC levels does 
not appear to be greatly affected by location along the river length.   
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5.3.2 Comet River Flow Events 
5.3.2.1 Selected Gauging Stations 
The selection process of gauging stations in the Comet River catchment was simpler 
than the Hunter due to only three stations recording EC data.  Of the three gauging 
stations, only two stations provided concurrent EC values.  Another gauging station 
was selected from the upper tributary of Carnarvon creek for the purpose of travel 
time calculations and analysis of streamflow patterns The gauging stations from 
which monitoring data was obtained are presented in Table 5-5 Comet River 
catchment Key Gauging Stations.  There is 242kms between the most upstream 
gauge and the most downstream gauge, and their locations along the stream are 
illustrated in Figure 5-10  Further details on these gauging stations are presented in 
Appendix C – Gauging Station Details. 
Table 5-5 Comet River catchment Key Gauging Stations 
Gauge  Description 
Catchment 
Area 
Period of Record 
Flow  EC 
130509a  Carnarvon Creek @ Rewan  351  30‐05‐1985 ‐ Current  na 
130502b  Brown River @ Lake Brown  3027  19‐12‐1984 ‐ Current  21‐10‐2002 ‐ Current 
130506a  Comet River @ The Lake  10188  12‐12‐1974 ‐ Current  30‐01‐97 ‐ 25‐09‐2000 
130504a  130504A ‐ Comet @ AMTD 17.2km  16457  10‐08‐1971‐ 07‐01‐2004  30‐01‐1997 ‐ 19‐06‐2002 
 
5.3.2.2 Flow Time Series 
The events for analysis in the Comet River catchment have been chosen to describe a 
range of flows, and where stations provided coincident flow and EC data.  The flow 
rates recorded at the stream gauge 130506A were the focus used to identify this 
range of events.  Six events were identified and important features are summarised in 
Table 5-6.  Time series plots of the events are presented in Figure 5-21 to Figure 
5-26. 
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Table 5-6 Comet River Selected Flow Events Summary 
Event 1 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 6827 6678 14314 9870 
Date Rise 3/02/97 4:04 3/02/97 16:48 3/02/97 18:28 5/02/97 2:09 
Date Peak 3/02/97 8:24 4/02/97 0:00 4/02/97 21:50 7/02/97 11:45 
Date Fall 4/02/97 19:45 6/02/97 19:45 7/02/97 6:20 10/02/97 12:00 
Time To 
Peak (day) 0.18 0.30 1.14 2.40 
Travel Time 
Peak (day) 0.00 0.65 1.56 4.14 
Min EC 
(uS.cm) na na 282 187 
Max EC 
(uS.cm) na na 15 85 
 
Event 2 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 1759 408 11393 7184 
Date Rise 6/03/97 16:04 7/03/97 14:45 6/03/97 16:04 8/03/97 7:55 
Date Peak 6/03/97 17:02 9/03/97 0:00 7/03/97 7:12 10/03/97 0:28 
Date Fall 7/03/97 18:30 11/03/97 0:00 10/03/97 4:50 13/03/97 13:45 
Time To 
Peak (day) 0.04 1.39 0.63 1.69 
Travel Time 
Peak (day) 0.00 2.29 0.59 3.31 
Min EC 
(uS.cm) na Na 236 266 
Max EC 
(uS.cm) na na 95 120 
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Event 3 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 449 178 5408 4543 
Date Rise 27/02/97 19:26 1/03/97 14:00 28/02/97 12:43 2/03/97 0:43 
Date Peak 27/02/97 23:16 1/03/97 18:15 1/03/97 14:52 3/03/97 15:21 
Date Fall 28/02/97 14:00 4/03/97 8:00 5/03/97 10:50 7/03/97 18:00 
Time To 
Peak (day) 0.16 0.18 1.09 1.61 
Travel Time 
Peak (day) 0.00 1.79 1.65 3.67 
Min EC 
(uS.cm) na na 289 268 
Max EC 
(uS.cm) na na 104 134 
 
Event 4 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 2340 1225 4202 2014 
Date Rise 9/01/00 20:38 10/01/00 20:38 11/01/00 0:43 13/01/00 0:00 
Date Peak 9/01/00 23:16 11/01/00 4:33 11/01/00 15:07 14/01/00 0:00 
Date Fall 11/01/00 12:30 13/01/00 12:00 15/01/00 12:00 17/01/00 14:50 
Time To 
Peak (day) 0.11 0.33 0.60 1.00 
Travel Time 
Peak (day) 0.00 1.22 1.66 4.03 
Min EC 
(uS.cm) na na 141   
Max EC 
(uS.cm) na na 87   
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Event 5 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 1702 No Data 6577 4234 
Date Rise 15/02/00 6:00 16/02/00 17:10 16/02/00 6:40 16/02/00 14:50 
Date Peak 15/02/00 12:28 17/02/00 10:40 16/02/00 19:55 19/02/00 11:45 
Date Fall 17/02/00 11:30 19/02/00 6:00 19/02/00 19:30 21/02/00 19:50 
Time To 
Peak (day) 0.27 0.73 0.55 2.87 
Travel Time 
Peak (day) 0.00 1.92 1.31 3.97 
Min EC 
(uS.cm) na na 253 400 
Max EC 
(uS.cm) na na 112 98 
 
Event 6 
Gauging Station 130509A 103502B 103506A 130504A 
Peak Flow 
(ML/day) 2981 1472 1996 1422 
Date Rise 3/05/00 4:43 4/05/00 2:40 4/05/00 13:55 5/05/00 4:40 
Date Peak 3/05/00 16:30 5/05/00 4:00 5/05/00 13:55 8/05/00 0:00 
Date Fall 8/05/00 4:15 10/05/00 12:00 11/05/00 12:20 15/05/00 0:00 
Time To 
Peak (day) 0.49 1.06 1.00 2.81 
Travel Time 
Peak (day) 0.00 1.48 1.89 4.31 
Min EC 
(uS.cm) na na 235 182 
Max EC 
(uS.cm) na na 161 121 
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Figure 5-21 Comet River Catchment Flow Event 1 
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Figure 5-22 Comet River Catchment Flow Event 2 
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Figure 5-23 Comet River Catchment Flow Event 3 
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Figure 5-24 Comet River Catchment Flow Event 4 
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Figure 5-25 Comet River Catchment Flow Event 5 
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Figure 5-26 Comet River Catchment Flow Event 6 
 84
5.3.2.3 Discussion 
In preparation of time series plots of the selected flow events, it became evident that 
the data from gauging station 130502B was presenting unreliable results.  For Events 
2, 3 and 5, the hydrograph peak flow for gauge 130502B appears to be too low, and 
out of phase.  Research into the gauge details has outlined several factors that could 
potentially contribute to data recorded at this station being unreliable.  Access to this 
gauging station site is difficult, as such, the rating curve used to convert water level 
readings to flow at this gauge is not updated regularly and may not be a true 
representation.  Also, the maximum gauged height (height measured by the gauge) is 
2.06m which is small in comparison to the maximum recorded height of 7.53m.  The 
monitoring data from this gauge has been included in the time series plots and 
summary tables, but elimintated from the analysis.   
5.3.2.3.1 Streamflow Patterns 
It can be observed from the selected flow events that the Comet River exhibits some 
expected flow behaviour.  In all but one event, the rise to peak exhibited in the upper 
reaches is much flashier than the subsequent peaks as the flow travels downstream.  
However, the hydrograph of gauge 130509A in Event 5 displays a much slower rise 
to peak than that shown on the hydrographs further downstream.  It is possible this 
can be attributed to the rainfall pattern of this event which records only a small 
volume falling in the upper catchment. 
As expected, peak flow is translated as the flow moves downstream; however, the 
peak flow is not attenuated from the far upstream gauge 130509A to the gauge in the 
middle of the catchment, 130506A.  In all cases, the peak flow is larger at 130506A, 
or very similar in magnitude to gauge 130509A and the volume of flow is 
substantially increased at 130506A.  Possible causes for this could include greater 
rainfall across the upstream branch of the Brown River, greater rainfall across the 
middle of the catchment during storm events, or just the fact that the contributing 
catchment area at gauge 13506A is substantially larger at this gauge.  Observation of 
the rainfall over these flow events, provide indication that rainfall was more 
prevalent in the middle and lower catchment than the upper reaches during these 
events.  Rainfall maps for these events are presented in Appendix F – Rainfall Maps 
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for Flow Events.  Without reliable monitoring data upstream of gauge 130506A, the 
contributing value of the Brown River tributary is indeterminate. 
The overall shape of the hydrograph does not appear uniform for each event.  The 
related peak flow at each downstream gauge is easily identifiable, however the shape 
of the hydrograph can change significantly between the middle catchment gauge, 
130506A and the lower catchment gauge 130504A.  This is usually in relation to 
another peak becoming evident in the lower gauge as seen in Event 3, 4, 5 and 6.  
This appears to be occurring in relation to more rainfall falling on the middle and 
lower catchment. 
Travel time from peak to peak for the flow events was calculated and is presented in 
the summary tables.  Travel time for all events appear to be consistent and average 
3.91 days from upper gauge to lower gauge (242km).  Events 1, 4, 5, and 6 have 
longer travel times than Events 2 and 3, possibly as a result of occurring after 
preceding dry catchment conditions with no runoff events occurring within the 
previous month.  The longer travel times would likely be a result of increased 
storage capacity available in the stream channels and low lying areas of the 
floodplain having an effect on the hydrograph attenuation and slower travel time 
down the river.  Events 2 and 3 have a shorter travel time which is likely to be a 
result of occurring in wet catchment conditions with a runoff event within the 
previous month.  Storages in channel pools and low lying floodplain areas may have 
been full at the start of these events resulting in less attenuation and faster travel 
time. 
5.3.2.3.2 Relationship of EC to Flow 
Coincident electrical conductivity data was available for two of the selected gauging 
stations in the Comet River catchment.  An inverse relationship of EC to flow is 
observed in all events.  This is observed by the decrease in EC during the rise of the 
hydrograph.  There was a more pronounced decrease in EC at gauge 130506A than 
that at the lower gauge 130504A, and generally the EC is higher at the downstream 
gauge, than the upstream.  To further assess the presence of an inverse relationship 
of EC to flow occurring in the Comet River, plots of instantaneous EC values against 
instantaneous flow values for the available record of EC data were prepared and are 
presented in Figure 5-27 and Figure 5-28. 
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Figure 5-27 Gauge 130506A EC Against Flow 
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Figure 5-28 Gauge 130504A EC Against Flow 
The plots of EC against flow indicate that there is a general trend for the EC to 
decrease at higher flow rates.  This would suggest a consistent salinity sag evident in 
the Comet River flow events.  The plots also indicate that the concentration of salts 
in the downstream gauge 130504A, is generally of the same level as the 
concentration of salts experience in the upstream gauge 130506A.   
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5.4 Summary 
Comparison of the general catchment properties has identified the following 
observations; 
1. The river system of the Comet River catchment possesses similarities in 
catchment area and stream length with the Hunter River catchment. 
2. The Hunter River catchment has a major tributary the Goulbourn River, with 
a notable increase in contributing catchment area, whereas the Comet River 
catchment has a confluence of two tributaries in the upper reaches where 
catchment area is small.  This means with sufficient stream flow monitoring 
network there could potentially be greater confidence in ability to analyse 
and predict the flow event hydrographs travelling down the Comet River for 
the purpose of operating a salinity trading scheme, compared to the 
complexities that may be evident in the Hunter River catchment associated 
with the interaction of the Hunter River and Goulbourn River where they join 
3. The Hunter River catchment has two major water dams regulating the flow 
down the river for agricultural and town supply purposes, therefore there is 
generally flow in the Hunter River all year round  The Comet River flow on 
the other hand is not regulated and as illustrated by the flow duration curves, 
is typically as ephemeral with no flow for a large portion of the year. 
4. Ambient salinity levels of the Hunter River catchment are influenced by 
geology and geomorphology of the catchment and substantially higher than 
the Comet River catchment.   
5. Both river systems show widely varied values of EC.  The Hunter River 
displays trends of increasing EC with distance downstream, The Comet 
River, however, experiences comparable levels of EC at the mid catchment 
and lower catchment 
6. Diffuse pollution sources in the Hunter River catchment are confined to the 
lower catchment, mostly outside the extents of the trading scheme area.  
Diffuse pollution sources in the Comet River catchment, appear to be located 
throughout the lower half of the catchment. 
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7. Grazing in the Hunter River catchment is located in the upper reaches.  In the 
Comet River catchment, grazing occurs throughout the catchment. 
8. Hunter River catchment coal mines and power generators are clustered in the 
middle of the catchment in the Hunter region.  In the Comet River catchment 
these industries are confined to the lower half of the catchment, and are 
relatively widely distributed. 
9. The Hunter River catchment lies within a temperate climate zone.  Rainfall is 
heavier in the summer months, but there is still substantial rainfall in the 
winter months.  The Comet River catchment lies within a subtropical climate 
zone.  Rainfall is very heavy in the summer months, and very low in the 
winter months, but there is not a consistent dry season. 
Comparison of the catchment hydrology has identified the following observations; 
1. There are 34 gauging stations operating and connected to HITS in the 
HRSTS extents of the Hunter River catchment.  In the Comet River 
catchment, only seven gauging stations are operating over approximately the 
same total catchment area. 
2. Hunter River streamflow patterns are uniform and exhibit expected flow 
behaviour for a regulated stream in a temperate climate.  The Comet River 
flow behaviour does not appear uniform and is highly variable which is 
consistent with an ephemeral unregulated stream with subtropical climate.  
The potential implications of this for a salinity trading scheme are that flow 
events in the Comet River could be highly variable and influenced 
significantly by antecedent catchment conditions (i.e. rainfall in weeks and 
months preceding significant flow events). 
3. The highest rainfall in the Comet River catchment predominantly falls in the 
mid and lower portions of the catchment. The highest rainfall in the Hunter 
catchment predominantly falls in the upper catchment.  This finding could 
indicate that a more intensive stream gauge monitoring network may be 
required in the Comet River catchment to operate a salinity trading scheme 
than what is required in the Hunter River catchment.. 
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4. Travel time in the Hunter River catchment over 181km length is 1.4 to 2.4 
days.  Average travel time in the Comet River catchment is 4 days over 242 
km length from upper to lower gauge.   
5. An inverse relationship of EC trends relative to flow magnitude exists in the 
Hunter River catchment and the Comet River catchment.  This is a key 
prerequisite to provide an opportunity for the river to assimilate additional 
salt load. 
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6 TAD, Frequency, Timing and Monitoring 
6.1 Introduction 
Success of a salinity trading scheme in the Fitzroy Basin will depend on sufficient 
opportunities to discharge excess coal mine water into the river system.  The purpose 
of this chapter is to demonstrate calculation of the potential TAD for discharge 
events in the Comet River, and the days of discharge available.  TAD and days of 
discharge are dependent on the salinity cap set on the river system and the flow 
criteria used to define discharge events. 
Another important aspect of a successful salinity trading scheme will be the ability to 
provide notice of a discharge event to scheme participants with enough time for 
discharge preparations to take place.  The industry participants of the HRSTS located 
in the upper sector require a minimum of seven hours notice of discharge events.  
Using seven hours minimum notification time as a guide, this feature will be 
assessed for the previously identified flow events of the Comet River catchment. 
6.2 HRSTS TAD and Frequency of Events 
6.2.1 Hunter River Salinity Cap 
Previous studies undertaken prior to the implementation of the Hunter River 
catchment show that the Hunter River has naturally elevated salinity, due to the 
geology and geomorphology of the catchment (AGC Woodward-Clyde 1992).  
During feasibility studies for the HRSTS, AGC Woodward-Clyde determined that 
EC levels in the Hunter River of 600-800 µS/cm were common under median flow 
conditions, and  during high flow conditions, below 600 µS/cm , downstream of the 
township of Liddell (AGC Woodward-Clyde, 1992, p4-10). 
The cap placed on the Hunter River for operation of the HRSTS is 900µS/cm at the 
township of Singleton.  Therefore the aim of the scheme is to manage discharges 
from coal mines and power generation industry to ensure the EC levels as measured 
at Singleton, remain below 900µS/cm. 
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6.2.2 TAD for Discharge Events 
As the cap for the HRSTS is set for the EC level of the Hunter River to remain 
below 900µS/cm, the actual TAD, (the load of salt that can be assimilated by the 
river system and remain below the salinity cap), will be a different value for each 
discharge event, depending on the salinity levels in the stream at that time.  The 
value of TAD for each event is estimated by scheme operational staff based on 
monitoring of upstream gauging stations, and personal knowledge of the behaviour 
of salinity levels and patterns of the Hunter River based on experience. 
TAD for each declared discharge event is issued via a River Register.  A River 
Register is a document placed online or faxed to scheme participants outlining the 
TAD in tonnes (or that flood conditions are in force), river segment allowed to be 
discharged into and the dates of allowed discharge.  An example of a River Register 
is provided in Appendix G – River Register.  The timing of the issue of a River 
Register is important for allowing scheme participants to organise discharging from 
site.  It is not uncommon for a River Register to be re-issued as the estimate of TAD 
is revised during the event.  A summary of the TAD per year for the operational 
years of the HRSTS as stated in the issued River Registers is presented in Table 6-1. 
Table 6-1 River Register Summary 
Year 
Days Discharge (inc 
Flood Days) 
Tonnes of Salt    
2001  66  54249  + 
2002  8  5861    
2003  9  4707  + 
2004  4  1348    
2005  3  2673    
2006  0  0    
2007  21  27465    
2008  25  30711  + 
2009  13  25358    
Total  149  152372  + 
+ Flood Days will have unrestricted discharge 
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6.2.3 Frequency of Discharge Events 
Frequency of discharge events is a function of the governing rules or flow criteria 
that define when a discharge event is allowed.  In the HRSTS, the Hunter River is 
divided into three segments, each with their own defining flow criteria, (see Figure 
5-14).  To permit discharging a minimum flow rate of 1000 ML/day must occur in 
the upper segment, 1800 ML/day must occur in the middle segment, and 2000 
ML/day in the lower segment.  A summary of the days of discharge per year for the 
operational years of the HRSTS as stated in the issued River Registers is presented 
in Table 6-1. 
6.3 Comet River Catchment TAD and Frequency of 
Events 
6.3.1 Comet River Salinity Cap 
Before determining potential magnitude and frequency of discharge events, a salinity 
cap needs to be defined for the case study Comet River sub-catchment.  According to 
Hart (2008), adult fish may be adversely affected as salinity levels exceed 
1500µS/cm, early life stages of fish by levels exceeding 1000 µS/cm and 
macroinvertebrates by levels exceeding 1000 µS/cm.   
Analysis of the available monitoring data in the Comet catchment highlights that 
these values are much higher than what is actually experienced in the Comet River.  
A statistical summary of the available monitoring data is presented in Table 5-2.   
Table 6-2 Statistical Summary* of Electrical Conductivity Comet River Catchment 
Summary  Electrical Conductivity (µS/cm)
Comet (168km2) Location Max Min Mean  Median  80th PC 95th 
130506A ‐ Comet River @ The Lake Middle 528 11 242  244  301 346
130504A ‐ Comet @ AMTD 17.2km Lower 1020 0 300  255  427 715
*Statistical analysis carried out on all available EC records for stream gauge stations. 
 
The median EC levels along the Comet River and tributaries range from 244 µS/cm 
to 255 µS/cm.  At high flows, the trend is for EC to decrease, and as illustrated by 
Figure 5-27 and Figure 5-28, where the EC value tends to drop below 200 µS/cm 
during the peak of flow events. 
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Guidelines are available for setting water quality objectives in Queensland rivers.  
These guidelines are found in the Queensland Water Quality Guidelines (QWQG) 
(2009), as published by the Department of Environment and Resource Management.  
It is suggested by the QWQG, a value of 340 µS/cm be used as a water quality 
objective for the Fitzroy Central zone.  The following TAD and frequency analysis, 
the value of 340 µS/cm will be used as a salinity cap in the Comet River. 
6.3.2 Comet River TAD 
For the purpose of calculating the TAD for defined discharge events in the Comet 
River catchment, a small salt and water balance model was assembled with the 
dynamic modelling software GoldSIM.  The input data to this model is the time 
series monitoring data obtained from available stream gauges in the catchment.  The 
model is programmed to calculate water and salt volumes traversing the water course 
and calculate frequency and TAD of discharge events for given sets of EC and Flow 
governing criteria. 
The identified flow events previously discussed in Section 5.3.2 were used to 
calculate TAD.  As previously noted, stream gauge data recorded at 130502B was 
identified to be unreliable, and therefore was not used in this analysis.   
The TAD for the identified flow events, over a range of flow criteria (minimum flow 
that must occur in the river before discharge) and maintaining the salinity cap of 
340µS/cm, is presented in Table 6-3.  Calculation of TAD carried out by mass 
balance equations in GoldSIM.  
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Table 6-3 TAD for Six Flow Events in the Comet River 
Event 1  Event 2 
Flow Condition 
ML/day 
TAD (TONNE)  Flow Condition 
ML/day 
TAD (TONNE) 
130506A 130504A  130506A 130504A 
500 4684 4100  500 2572 2203 
750 4565 4093  750 2520 2127 
1000 4453 4093  1000 2473 2045 
1250 4398 4047  1250 2435 1966 
1500 4337 3991  1500 2376 1906 
1750 4320 3938  1750 2357 1884 
2000 4304 3893  2000 2309 1860 
2250 4284 3845  2250 2281 1794 
2500 4236 3816  2500 2262 1762 
2750 4212 3784  2750 2227 1725 
3000 4212 3707  3000 2227 1671 
3250 4182 3707  3250 2186 1625 
3500 4108 3664  3500 2186 1606 
Event 3  Event 4 
Flow Condition 
ML/day 
TAD (TONNE)  Flow Condition 
ML/day 
TAD (TONNE) 
130506A 130504A  130506A 130504A 
500 1274 1306  500 898 20 
750 1227 1256  750 849 20 
1000 1179 1140  1000 777 19 
1250 1106 1064  1250 720 18 
1500 1072 980  1500 675 9 
1750 1052 908  1750 675 0 
2000 1029 803  2000 646 0 
2250 983 725  2250 578 0 
2500 983 641  2500 578 0 
2750 948 587  2750 537 0 
3000 879 559  3000 488 0 
3250 879 502  3250 446 0 
3500 840 448  3500 335 0 
Event 5  Event 6 
Flow Condition 
ML/day 
TAD (TONNE)  Flow Condition 
ML/day 
TAD (TONNE) 
130506A 130504A  130506A 130504A 
500 1561 1501  500 790 492 
750 1505 1483  750 710 389 
1000 1435 1433  1000 647 285 
1250 1328 1380  1250 517 183 
1500 1305 1323  1500 369 0 
1750 1287 1254  1750 338 0 
2000 1265 1118  2000 279 0 
2250 1265 1025  2250 232 0 
2500 1238 950  2500 150 0 
2750 1205 950  2750 30 0 
3000 1162 861  3000 0 0 
3250 1123 760  3250 0 0 
3500 1123 650  3500 0 0 
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As expected, these tables highlight that with increasing defining flow criteria, the 
TAD will decrease.  How much the TAD decreases is dependent on the shape of the 
hydrograph, especially in the rising and receding phases of each event.  What is also 
highlighted but not expected is the lower TAD value calculated at the downstream 
stream gauge 130504A.  Expected behaviour would be for an increase in TAD with 
distance downstream where the water volume is greater.  Although it was noted 
previously the trend in EC with flow as illustrated in Figure 5-27 and Figure 5-28, 
did not decrease with stream travel downstream, instead, was generally of the same 
level, it would still be expected to observe an increase in TAD with travel 
downstream.   
Further analysis of the available monitoring data does indicate an increase in TAD at 
the downstream gauge.  Using the assembled GoldSim model, all discharge 
opportunities occurring in the years of available concurrent EC data, (1997-1999 
inclusive), have been identified and TAD calculated to maintain the nominal salinity 
cap of 340µS/cm.  A range of flow criteria to define discharge events were employed 
and the model results are presented in Figure 6-1. 
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Figure 6-1 TAD for Discharge Events for Years 1997-1999 
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Figure 6-1 illustrates the expected behaviour of increased TAD with distance 
downstream.  There is a 10,000 tonne difference between the TAD calculated at the 
mid-catchment stream gauge 130506A and the lower catchment stream gauge 
130504A.  This discrepancy in results from the identified flow events and the 
modelling results of all possible discharge opportunities calculated from the events 
could be a result of the procedure used to identify the flow events.  Monitoring data 
from the stream gauge 130506A was the focus in the identification process.  A range 
of flows were required for the analysis, and the range was chosen from the 130506A 
records.  As was identified in the discussion of the flow events, flow is not uniform 
in the Comet River catchment.  As such, discharge events could occur downstream 
when they are not occurring upstream.   
TAD calculated above was to maintain the salinity cap of 340 µS/cm.  To complete 
the analysis, TAD for a range of salinity caps was conducted using the assembled 
GoldSim model. All discharge opportunities occurring in the years of available 
concurrent EC data, (1997-1999 inclusive) were determined using a range of salinity 
caps. Flow criteria to define a discharge event was set at 1000ML/day and the results 
presented in Figure 6-2. 
As expected, the TAD increases with increasing salinity cap criteria.  Also illustrated 
is the TAD calculated for the downstream stream gauge 130504A, increases more  
than that increase evident for gauge 130506A.   
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Figure 6-2 TAD for a Range of Salinity Caps 
Flow criteria to define a discharge event set to 1000ML/day for this analysis. 
 
6.3.3 Comet River Frequency of Discharge Opportunities 
Apart from the climatic and hydrological features of a catchment, the frequency of 
discharge opportunities into the river system is dependent on the governing rules that 
define when a discharge event is occurring.  Further research and analysis will need 
to be conducted to identify the acceptable flow criteria to be used in the Comet 
River.  Presented in Figure 6-3  are the days of discharge calculated for the Comet 
River for all discharge opportunities occurring in the years of available concurrent 
flow data, (1985-1999 inclusive),over a range of flow criteria, from 500 ML/day to 
350 ML/day).  These days of discharge are calculated over 15 years of available 
monitoring data, maintaining stream salinity to 340 µS/cm. 
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Figure 6-3 Days of Discharge Opportunity - Frequency Analysis 
Days of discharge calculated over 15 years of monitoring data (1985-1999) 
As expected, days of discharge decrease as the flow criteria increases.  For this case 
study example it is evident that flow criteria below about 1000 ML/day have a more 
signficant influence the number of discharge opportunity days.  Above about 2000 to 
3000 ML day flow criteria to define discharge events, the number of days of 
discharge opportunity decreases gradually.  With reference to the upstream gauge 
130506A, with flow criteria at say 1000 ML/day there would be on average (over the 
15 years of data used for the analysis) approximately 18 days per year when 
controlled discharge from mine would be possible.  Figure 6-4  further highlights 
this. Illustrated is for the 15 years of data, discharge events occurred every year.  It is 
inferred (albeit without mining industry consultation) that this could provide 
practical opportunities for coal mines to discharge excess mine water in compliance 
with an enforceable trading scheme.  
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Figure 6-4 Days of Discharge per Year 
Flow criteria to define a discharge event set to 1000ML/day for this analysis. 
 
6.4 Timing for Discharge Events 
The participants located along the upper sector of the Hunter River  require a 
minimum seven hours notice in which to prepare for discharging, or trading of 
discharge credits.  To be able to meet this requirement, the scheme operator (or 
administrator) must be able to model or analyse streamflow to determine TAD, 
based on the monitoring data obtained from stream gauges further upstream.  If this 
requirement is met in the upper sector, then the scheme participants of the middle 
and lower sectors can be provided with more time to make their preparations in 
readiness for discharges.  To be technically feasible, the travel time of the streams in 
the Comet River catchment must be of sufficient time to declare a discharge event 
and calculate TAD. 
Travel time for the six previously identified events was discussed in Chapter 5.  The 
average travel time from the upstream gauge to the downstream gauge (242 km) was 
estimated to be an average of 3.9 days.  This is substantially longer than the average 
travel time calculated in the Hunter River catchment (1.4 to 2.4 days) over a river 
length of 181 km.  However, it was also noted that the hydrology patterns of the 
Comet River catchment are not as uniform and predictable as the Hunter River 
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.catchment, most likely due to the ephemeral nature of the river system and less 
uniform rainfall patterns across the catchment. Flow events that are observed at the 
upstream gauge are not consistently registering at gauges further downstream.  Also, 
significant flow events can be observed at the downstream gauge, without registering 
any flow at any upstream monitoring gauge due to the nature of the rainfall patterns 
which appear to focus on the middle and lower catchment areas 
To determine if there would be sufficient time to model or analyse streamflow data, 
determine if a discharge event will occur and calculate TAD, the identified flow 
events were analysed for the time between peak discharge of stream gauge located in 
the middle of the catchment (130506a) to the start of the discharge opportunity of the 
downstream gauge (130504a).  This analysis is presented graphically in Figure 6-5 to 
Figure 6-10). 
For this analysis, a flow criteria of 1000 ML/day is used to define a discharge event.  
The ordinate on the upstream hydrograph (GS 130506A) chosen as the time when 
modelling of the system, or analysis of available data at the time, may be complete 
enough to begin calculation of TAD, was considered to be the time of the peak flow.  
Using this criterion, it can be observed from the time series plots that time between 
peak flow at the reference upstream gauge to the start of possible discharging 
downstream, ranges from about 12 to 45 hours.  It is important to note however that 
the starting time of possible discharges between these two gauges will vary 
depending on distance (and hence travel time) from the upstream reference gauging 
station. 
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Figure 6-5 Timing of Flow Event 1 - Comet River Catchment 
 
 
Figure 6-6 Timing of Flow Event 2 - Comet River Catchment 
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Figure 6-7 Timing of Flow Event 3 - Comet River Catchment 
 
 
Figure 6-8 Timing of Flow Event 4 - Comet River Catchment 
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Figure 6-9 Timing of Flow Event 5 - Comet River Catchment 
 
 
Figure 6-10 Timing of Flow Event 6 - Comet River Catchment 
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The minimum time between peak flow observed at the upstream reference gauge and 
possible discharging downstream for the identified flow events, is illustrated to be 
approximately 12 hours.  If it is assumd that for a point halfway between the 
upstream reference gauge and downstream gauge locations reached possible 
discharge conditions in half this time, there is approximately six hours available for 
TAD calculation and notification by the scheme administrator and discharge or trade 
preparation by the scheme participants.  If the minimum required time for discharge 
and trade preparation is seven hours for the HRSTS, it could be inferred that there is 
marginal feasibility based on the this Comet flow event to alert participants and 
allow discharging to occur at the start of a downstream discharge event.  However 
this is not a consistent finding and it may be possible to improve the calculation and 
notification times with an improved monitoring network and efficient and reliable 
methods to obtain and process flow data from upstream gauges, or possible 
implement a forecasting system as used in flood warning systems. 
The analysis of the selected flow events also showed that time between peak flow at 
the upstream reference gauge and possible discharging downstream could be as high 
as 45 hours.  Again, if it is assumed that for a point halfway between the midstream 
and downstream gauge locations reached possible discharge conditions in half this 
time, there is approximately up to 1 day available for TAD calculation and 
notification by a scheme administrator and discharge or trade preparation by scheme 
participants.  In this example event (Event 6), it is demonstrated that for some events 
there would be ample available time for TAD calculation and notification and 
participant could maximise use of the discharge opportunity to be begin discharging 
as soon as flow exceed the trigger level in the reaches for each respective discharge 
location. 
Despite being chosen as the case study catchment based on properties such as 
availability of monitoring records, modelling and analysis of the Comet River 
understanding of the catchment hydrologic behaviour for this project was hampered 
by of the limited available monitoring data. If a scheme were to proceed, it would be 
highly beneficial, maybe necessary, to substantially upgrade the stream monitoring 
network. This would provide opportunity to perhaps begin TAD calculations before 
the event peak occurs at the upstream reference gauge 130506A. Also, after a 
number of years, a more comprehensive monitoring network could provide sufficient 
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data to develop a forecasting model for earlier predictions, rather than solely relying 
on recorded observations for calculations  
 
6.5 Monitoring Network 
The monitoring networks of the Hunter River and Comet River catchments have 
been briefly discussed previously in Chapter 5, however, the consideration of the 
monitoring network is an important aspect of the HRSTS, and are discussed further 
herein.   
In the Hunter River catchment there are 47 operating continuous gauging stations 
connected to the HITS, 27 of which monitor both water level (and hence flow rate) 
and EC.  The gauging stations are located throughout the catchment, on the main 
tributaries (Hunter River and Goulbourn River) as well as many located on the 
smaller tributaries that contribute to the waters involved in the HRSTS.  It is data 
from these upper tributary stream gauges that data feed into modelling software for 
the HRSTS for the purpose of declaring discharge events and calculating TAD.  Data 
collected from the gauging stations is collected in ‘realtime’ of 5-10 minute intervals 
for critical locations, and longer intervals for less critical locations.  The computer 
control system that receives the HITS data is housed in the Maitland office of the 
NSW Office of Water, and can also be accessed remotely if necessary. 
In the Comet catchment, there are 14 identified monitoring sites.  Only seven of 
these record continuous monitoring flow data, and only three have records of 
continuous EC data.  Documented history of gauge site selection within the 
catchment is not available and it is inferred that gauges were probably sited in 
response to individual projects and requirements, not planned strategically to operate 
as a holistic network.  This situation appears typical of the rest of the sub-catchments 
of the Fitzroy Basin and lack of integrated available continuous monitoring data with 
sufficient catchment resolution was a limitation on the analyses of this project.  
Analyses of the hydrologic behaviour of streamflow and relationship of EC and flow 
were qualitative at best.  An improved network of integrated  streamflow and salinity 
monitoring data would be necessary to gain a more comprehensive understanding of 
the streamflow and salinity behaviour of the catchment for a more definitive 
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feasibility assessment and would be essential to provide ability to operate a scheme 
in real time.   
 
6.6 Section Summary 
The HRSTS has been operational for over 10 years, and has been successful in 
maintaining the salinity in the Hunter River to acceptable levels.  The other 
successes have been in providing industry participating in the scheme with more 
certainty of the opportunities to discharge their excess mine water.   
Average salinity levels in the Hunter River have been previously determined by 
AGC Woodward-Clyde to be 600-800 µS/cm downstream of the township of 
Liddlel.  The operation of the HRSTS sets a cap of 900 µS/cm on the river system.   
The Comet River has lower ambient salinity levels than in the Hunter River.  
Statistical analysis of the available monitoring data for stream gauges 130506A and 
130504A determined median values for the middle and lower catchment to be 
approximately in the range 240 µS/cm to 260 µS/cm.  QWQG suggest a water 
quality objective of 340 µS/cm for the Fitzroy Central zone.  With the median values 
of the river determined to be lower than the guide level, and the observed trend for 
EC to fall below 200 µS/cm during flow event, it is demonstrated that the river flow 
can accept a defined salt load from industry in times of high flow, as is achievable in 
the Hunter River. 
Analysis of the issued HRSTS River Registers has shown that over a 10 year period, 
over 150,000 tonnes of salt load was determined to be potentially discharged into the 
Hunter River during discharge days.  In addition to the defined TAD, an additional 
salt loading would have been possible during “Flood days”, where unrestricted 
discharging is allowed.  There is no trend evident in the analysis of the river registers 
as the opportunity to discharge is dependent on preceding weather conditions. 
In analysis of the monitoring data from the Comet River, it was evident that the flow 
criteria and salinity cap adopted for a scheme will influence the calculated TAD for 
discharge events, and also the frequency or day of opportunity of discharge events.  
Increasing the flow criteria reduces TAD and days of discharge.  Increasing the 
salinity cap, increases the TAD but has a smaller effect on the days of discharge.  
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Further research and analysis will be necessary to determine the optimal flow criteria  
and salinity cap for the Comet River.  Also, further research into coal mine 
requirements will be necessary to determine if the Comet River would provide 
adequate TAD and days of discharge for the coal industry typical volumes and 
quality of excess mine water.   
It was also evident from the analysis that there was increasing capacity to assimilate 
salt loads downstream.  However, for the identified flow events, this was not 
consistently evident, suggesting that the extra capacity may be achieved through 
runoff events that are isolated to the lower catchment, and the TAD trends down the 
catchment for each flow are also influenced by the adopted salinity cap 
The average minimum time calculated for the purpose of modelling and calculation 
of TAD for a location halfway between the upstream reference gauge and 
downstream gauge was approximately 6.5 hours.  It is considered that 6.5 hours 
would be sufficient time for this purpose, however, it was also shown that number of 
hours could potentially be substantially lower, resulting in a declaration of a 
discharge event and TAD to occur after the discharge event has eventuated.  This 
may limit the scheme participants of the full discharge potential.  Also noted was 
that some potential discharge events could be several days in duration.  It may be 
that the needs of scheme participants will be met even if discharge declarations are 
given past the start of a discharge event.  More analysis would need to be undertaken 
to examine the discharge requirements of coal mine operations. 
A more comprehensive network of stream gauges would be desirable in the Comet 
River to better understand the complexity of streamflow and salinity patterns in the 
river channel.  To implement and operate a salinity trading scheme in real time, a 
substantial upgrade and integration of the stream gauge network (both flow and EC) 
would be essential to maximise certainty of both the discharge potential, limits, and 
certainty of environmental protection. 
With the available monitoring data, only three full years of concurrent flow and EC 
records were available, and only for two gauges.  Important to note that the 
feasibility studies undertaken prior to the pilot scheme of the HRSTS were also 
hampered by the limited available salinity monitoring data.   
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7 Conclusions and Recommendations 
This study was focussed on assessing the technical feasibility of the potential to 
implement a salinity trading scheme for the Fitzroy Basin, similar to the successful 
scheme implemented in the Hunter River catchment in New South Wales.  Literature 
search and background information indicates that with a growing coal industry and 
pressures on water quality in the Fitzroy Basin, improved measures to manage 
discharges from coal mines are needed.  
A salinity trading scheme for the Fitzroy Basin catchment may have considerable 
merit for the regulation of present and future coal mine discharges as development of 
basin’s coal resources continues.  A literature review of Market Based Instruments 
identified the following conclusions regarding types, merits, advantages, and pre-
requisite conditions for success of trading schemes generally: 
• There are two main categories of MBIs; Price-based and quantity based. 
• Benefits include reduction of environmental pollution levels at the least cost 
to society and flexibility allotted to industry in how they achieve that 
pollution reduction. 
• Keys to effective MBI implementation could include ability to measure and 
continuously monitor emissions, ability to effectively allocate emission rights 
and defining the pollutant and at what level it becomes problematic. 
• Success has been achieved in the US with adoption of MBI in the form of 
emissions trading in an economic sense and an environmental sense. 
• Problems have arisen in the adoption of MBI in other locations and areas 
possibly due to inability to define the pollutant, allocate credits justifiably 
and measurement of emissions. 
• Water Quality Trading is growing in popularity as a mechanism for 
management of water quality, especially in the United States, supported with  
the endorsement of the US EPA. 
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The methodology utilised for the preliminary feasibility assessment were to identify 
the physical and technical features that contribute to the success of the Hunter River 
Salinity Trading Scheme operating in NSW Australia. These features and 
characteristics are considered to play a role in the ability to model or analyse the 
flow and salinity characteristics and relationships, demonstrating the stream’s ability 
to assimilate additional salt loads, preliminary assessment of flow event timing 
issues which may be important for the practical real time operation of a salinity 
trading scheme.  Through consultation with key personnel operating the HRSTS and 
research of the scheme and physical catchment, the features identified as important 
to its success include: 
• River system and its features including length, interaction of major 
tributaries, number and location of water storages and hydrology. 
• Relationship of EC and flow, particularly the presence of a consistent salinity 
sag.  It is when salinity levels are naturally lower during higher flow 
conditions in individual flow events that opportunities exist for the river flow 
to assimilate additional salt loads. 
• Flow criteria (trigger levels) are required to define discharge events when 
additional salt loads can be discharged.  A salinity cap (maximum target 
salinity level) needs to be defined to determine the Total Allowable 
Discharge (TAD). 
• Types of industry and landuse operating in the catchment and its spatial 
distribution through the catchment can be important to manage the balance of 
diffuse source and point source salt loads.  Industry users of the downstream 
river waters, community expectations, and environmental values are 
important aspects to establish the target salinity cap. 
• The ability to continuously monitor in real-time the flow rate and EC of the 
river system from the most upper reaches to the lower reaches is important. 
• Temporal and spatial characteristics of rainfall in the catchment. 
These features and characteristics have been compared between the Hunter River 
catchment and a selected case study sub-catchment of the Fitzroy Basin.  It was 
identified that due to the magnitude and complexity of the Fitzroy Basin, including 
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scale, variability of climate, interaction of major tributaries, the study could not 
attempt to assess feasibility of potential salinity trading for the Fitzroy Basin as a 
whole.  A review of data focussed on drainage patterns, landuse and available 
monitoring data was undertaken to identify a suitable case study sub-catchment in 
the Fitzroy basin for the purpose of this project.  From this review, the Comet River 
sub-catchment was identified as the most suitable case study sub-catchment.  
Key findings of the comparison analysis between the Hunter River catchment and 
the Comet River catchment were: 
• The Hunter River catchment has a major tributary of the Goulbourn River 
which may complicate modelling processes. The Comet River catchment has 
a relatively uniform increase in catchment area to stream distance, which 
means there are no major tributary interactions and should potentially be 
easier to model the hydrology of flow events moving through the sub-
catchment. 
• The Hunter River catchment is regulated by to major water storage dams. 
The Comet River catchment is unregulated and typically ephemeral. The 
ephemeral nature of the Comet River may result in more sporadic flow events 
for discharge opportunities and may require more intensive hydrological 
modelling to operate a scheme in real time and with certainty.  The 
ephemeral nature of flow in the Comet River may also mean that discharge 
opportunities may not be fully realised in every flow event that exceed a 
defined flow criteria.  
• Ambient salinity levels in the Hunter River are substantially higher than 
those of the Comet River and both river systems display widely varied values 
of EC. 
• Diffuse pollution sources in the Hunter River catchment appear to be 
confined outside the extents of the HRSTS. Diffuse sources in the Comet 
River catchment appear to be located throughout the lower half of the 
catchment which may complicate the predictability of salinity levels as flow 
events travel down the river. 
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• Hunter River catchment coal mines and power generators are clustered in the 
middle of the catchment in the Hunter region, and are generally confined to 
the lower extents of the scheme.  In the Comet River catchment these 
industries are also confined to the lower half of the catchment, but are 
relatively widely distributed. 
• The two catchments are located in different climate zones, and therefore 
experience greatly differing rainfall patterns. Both have higher rainfall in the 
summer months, but the summer rainfall of the Comet River catchment is 
significantly more pronounced than in winter months. The difference in 
summer and winter rainfall of the Hunter River catchment is less pronounced. 
In combination with the regulation of two water storage dams, the more 
uniform yearly rainfall pattern may provide predictability of runoff events in 
the Hunter Catchment.  The larger rainfall experienced in the Comet River 
catchment of the summer months, would be expected to generate larger more 
useful discharge events. 
Although the Comet and Hunter River catchments appear to have some different 
physical and hydrological characteristics, there do not appear to be any factors that 
would preclude the feasibility of a salinity trading scheme in the Comet River 
catchment or other Fitzroy Basin sub-catchments.  Some of the differences identified 
show the potential of a salinity trading scheme operation may be more suited in the 
Comet River catchment than the Hunter.  Implementation of a more comprehensive 
and integrated flow and salinity monitoring network may alleviate some of the 
identified potential complexities associated with a wide spatial distribution of diffuse 
sources and point sources. 
The project then focussed on more specific analysis of available flow and salinity 
(EC) monitoring data available for the Comet River catchment.  The relative sparse 
network of flow and EC monitoring stations, and limited temporal coverage of 
available data were substantial limitations for the investigation.  The following 
conclusions were drawn regarding similarities between the Comet River catchment 
and Hunter River catchment, and notable differences and their possible implication 
for application of a salinity trading scheme were identified: 
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• Discharge events appear to occur less frequently in the Comet River 
catchment and generally though not exclusively confined to the wet season 
months.  
• Hunter River flow patterns appear to be typical of a regulated stream in a 
temperate climate. The Comet River flow behaviour does not appear uniform 
and is highly variable which is consistent with an ephemeral unregulated 
stream with subtropical climate. 
• The highest rainfall in the Comet River catchment predominantly falls in the 
mid and lower portions of the catchment. The highest rainfall in the Hunter 
catchment predominantly falls in the upper catchment. 
• A salinity sag is evident and consistent in the stream flow of both 
catchments. 
• Travel time of the Comet River appears to be longer than that experienced in 
the Hunter River. 
Although it was identified that potential discharge events in the Comet River 
catchment appear to be less frequent than in the Hunter River catchment, and 
potentially confined to the summer months, this does not appear to be a constraint 
for the adoption of such a scheme.  A salinity sag is evident in the Comet River and 
forms a reasonable basis for suggesting that a salinity trading scheme should be 
feasible.  If the inverse relationship of EC to flow exits, then the potential for a 
“window of opportunity’” occurring in which coal mines could discharge excess 
mine water will exist.  The frequency and duration of discharge opportunities are 
highly dependent on the flow criteria used to define a discharge event, and the TAD 
as mass of salt that can be assimilated is highly dependent on the salinity cap to be 
adopted for the river system.  What values and levels these criteria should be set 
requires a greater understanding of the river hydrology, and the environmental values 
to be protected.  The study did not research the requirements of the coal mines in 
terms of salt discharge needs and this aspect would need to be considered to 
understand if the frequency and duration of discharge events provide adequate and 
practical discharge opportunites.  It is inferred that coal mines with good water 
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management practices will not always need to discharge mine water as this resource 
is valuable for reuse to sustain mining operations.  The discharge requirements for 
coal mines is inferred to be likely only needed in times of excess on-site water 
accumulation.  Further study and industry consultation would be valuable to 
understand whether the potential discharge events defined by river hydrology and 
water quality characteristics (i.e. flow criteria, and salinity cap) are well matched to 
the needs of industry to discharge excess mine water for practical application of a 
trading scheme. 
The longer travel time of the Comet River may offer some advantages for practical 
real time operation of a scheme in relation to notification to participants of discharge 
events and allowing readiness to either discharge or trade.  However, the Comet 
River flow events investigated in this study also identified significantly more 
variable travel times of flow events through the river system.  The variability of 
travel times of flow events may require a more advanced process for analysis of data 
and/or modelling to define TAD and provide notification of potential discharge 
opportunities to participants for a scheme to have practical value for real time 
operation.   
Improved stream monitoring coverage would be important to support the scheme 
operation.  The very limited existing monitoring network in the Comet River 
catchment has hindered the analyses undertaken in this study, and the apparent 
rainfall patterns where the higher rainfall appears to occur in the mid and lower 
portions of the catchment add further weight to the conclusion that a more 
comprehensive monitoring network would be necessary. As well, the rainfall 
patterns and streamflow patterns identified in the Comet River catchment suggest 
that like the HRSTS, the river system would be required to be split in to separate 
segments and each block possibly governed with different defining criteria for 
scheme operation. 
From the studies undertaken for this project, it is concluded that on the basis of 
physical and hydrological characteristics, the implementation of a salinity trading 
scheme for the licensing of coal mine discharges in the Comet River and likely other 
sub-catchments in the Fitzroy Basin should be feasible.  Further research, analysis 
and infrastructure (stream gauges) is recommended to gain a better understanding of: 
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• The river hydrology which is more ephemeral than the Hunter river 
catchment, and hence may have implications for ability to utilise the 
discharge opportunities when additional salt loads can be assimilated; 
• Appropriate protection levels of downstream environmental values to define 
the scheme operating parameters and criteria;  
• The requirements of local coal mines including constraints to real time 
operations such as time required for scheme administrator to notify discharge 
events and that readiness of participants to respond to notified discharge 
events;  and 
• The upgrade required for the streamflow and salinity monitoring network 
towards an integrated catchment wide monitoring system to provide 
confidence to the community for protection of environmental values, and 
confidence to the scheme administrator and participants that real time 
operation of a trading scheme will be practical. 
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TOPIC:  TECHNICAL INVESTIGATION OF THE POTENTIAL TO 
IMPLEMENT A SALINITY TRADING SCHEME FOR LICENSING 
OF COAL MINE DISCHARGES IN FITZROY BASIN 
 
SUPERVISORS:  Assoc Prof John Worden 
   Michel Raymond – Principal Water Engineer, URS Australia 
   Julian Long – Principal Water Quality Scientist, URS Australia 
 
ENROLLMENT: ENG4111 – S1 Ex 2010 
   ENG4112 – S2 Ex 2010 
 
PROJECT AIM: Assess the feasibility of implementing a salinity trading scheme for 
licensing of coal mind discharges in the Fitzroy basin 
 
PROGRAMME:  Issue A, 23 March 2010 
 
1) Research literature pertaining to the technical basis of Hunter River Salinity Trading 
Scheme (HRSTS) as well as associated professional reviews, investigation and monitoring 
reports.  Professional consultation with key personnel involved in the HRSTS. 
 
2) Analyse the catchment specific characteristics (hydrology and water quality) 
including environmental requirements for downstream water uses in the Fitzroy Basin as 
well as current mine processes and characteristics of mine water that is discharged to the 
environment. 
 
3) Critically evaluate the specific technical requirements for the HRSTS that will need 
to be similar in the Fitzroy Basin for successful implementation of a salinity trading scheme. 
 
4) Assess the potential of existing monitoring and investigation programs in the Fitzroy 
basin to assist or constrain potential application of a salinity trading scheme. 
 
5) Report on the feasibility of implementing a salinity trading scheme for licensing of 
coal mind discharges in the Fitzroy basin. 
 
As time permits: 
 
6) Application of a trial pilot model for a sub-catchment in the Fitzroy basin. 
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Appendix B - Hunter Salinity Trading Scheme 
The following information is provided by New South Wales Government – NSW 
Water Information.  Available online at: 
http://waterinfo.nsw.gov.au/hunter/trading.shtml 
 
Hunter Salinity Trading Scheme 
• Introduction  
• Aims & Objectives  
• Roles &  Responsibilities  
• How it works  
• Discharge Credits  
• River Sectors  
• Allowable Discharges &  Blocks  
• River Sector Flow Categories  
• Predicting Flow & Salinity  
• Sector Discount Factor  
• Timing of  Discharge Events  
• River Register  
 
Introduction  
Water quality and the salinity level in the Hunter River has become an important 
issue for water users, industry, government agencies and the community over recent 
years.   
The Hunter River catchment includes a large proportion of salt bearing sedimentary 
rocks and soils, and surface and underground drainage from this contributes natural 
salinity to the river.  But activities such as coal mining, power generation, industry 
and land clearing have increased the level of salinity in the river.   
The coal mining and power industries generate large amounts of saline water during 
their operations.  Factors affecting the rate and salinity of wastewater production 
include rainfall, rate of groundwater seepage into mine workings, use of water for 
on-site coal washing and dust suppression.  Some saline minewater is stored for use 
on the mine site but the ability to store wastewater is controlled by the capacity of off 
river storage dams.  Some saline wastewater may need to be disposed of.  They may 
choose to do this through discharge to the river system.   
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Some more modern mines have water management systems which reduce the 
amount of saline water needing to be discharged, but this is not possible for all mines 
in the Hunter Valley.   
In response to the need to control saline water discharges into the Hunter River, the 
NSW Office of Water and the Environment Protection Authority, with the 
cooperation of other interested organisations, developed the Hunter River Salinity 
Trading Scheme, an innovative method which reduces saline levels in the river while 
allowing mines and industry to discharge their excess water during periods of high 
flow thus maintaining instream water quality. 
 
Aims and Objectives 
The main objectives of the Hunter River Salinity Trading Scheme are:  
1. To manage saline water discharges to minimise their impact on irrigation and 
other water uses, and on the aquatic environment of the Hunter River 
catchment.   
2. To achieve this at the least overall cost to the community, in an equitable and 
flexible way that provides ongoing financial incentives to further reduce 
pollution through saline water discharges.   
Generally, the scheme aims to keep salinity levels in the Hunter River below an 
agreed target salinity level of 600 EC* at Denman and 900 EC at the Glennies 
Creek/Hunter River junction and at Singleton.  This is achieved by limiting 
discharges of saline wastewater from coal mines and power stations to periods of 
flow in the river when impacts from these discharges are minimised by dilution 
effects.  This is managed through a system of discharge “credits” which determine 
the discharge of each mine or power station participating in the scheme (known as 
“licence holders”).   
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Roles and Responsibilities  
Environment Protection Authority (EPA)  
1. Sets flow/salinity objectives.   
2. Issues licences and rules  
a. approves tributary protection limits  
b. approves equipment modifications  
c. sets monitoring and reporting requirements.   
3. Manages credit trading  
a. approves and processes trades  
b. maintains Credit Register  
c. informs NOW of credit trades.   
4. Receives  
a. copies of River Register from NOW  
b. reports from licence holders.   
NSW Office of Water (NOW) 
Operates the system of water flow monitoring and discharge control.   
1. Provides monitoring (flow and salinity recording) to licence holders.   
2. Provides modelling (flow and salinity predictions) to licence holders.   
3. Maintains and distributes the “River Register” which,  
a. informs participants of flows and discharge opportunities  
b. notifies river “travel times” and discharge allowances according to 
conditions in each sector of the catchment.   
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4. Supplies copies of the River Register to the EPA and credit holders.   
5. Receives information on credit trading from the EPA.   
Credit (licence) holders (Power generators and coal mines) 
1. Discharge saline water when advised.   
2. Trade credits and report to EPA.   
3. Monitor discharges and environment.   
4. Report to EPA and NOW.   
 
How it works  
Monitoring of the Hunter River shows that at the start of high flow periods 
(“events”), the salinity level rises sharply for a short time as rainfall runoff flushes 
ground and surface salt through the tributaries into the river (a first flush salt 
“spike”).  Then, as an increasing volume of fresh water flows through the system, 
conductivity falls correspondingly. 
  
Figure 1: The relationship between river flow and EC  
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Scheme participants (“licence holders”) are allowed to discharge specified amounts 
of excess saline water, when its affect on the conductivity level in the river is 
minimised by the high volume of fresh water. 
When the flow in the river is low (below 2000 ML/d at Singleton), no discharges are 
allowed.  Discharge can be carried out during high flow periods (2000 to 10000 
ML/d at Singleton) on advice from NOW, through the River Register, and with the 
use of discharge credits.  When the river is in flood (as advised by the River 
Register), the licence holders can discharge unlimited saline water within the limits 
set by their individual tributary limit.   
  
Figure 2: A typical discharge opportunity at Singleton 
 
NOW monitoring of weather reports, rainfall in the catchment, streamflows, 
instream salinity levels and surface conditions (wet or dry) allows the timing and 
extent of high flow events to be predicted. 
This work is carried out by a NOW river operations engineer at Muswellbrook (the 
“operator”).  By combining data from previous events with current gauge readings, 
the NOW operator: 
• Assesses the likelihood of an event occurring;  
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• Estimates the rate and volume of river flow and instream salinity for each 
section of the river;  
• Calculates the total tonnage of salt that may be discharged during the event 
(Total Allowable Discharge);  and  
• Calculates the start and finish times during which licence holders can 
discharge excess saline water.   
After completing the steps of monitoring, analysis, assessment and calculation of 
river flow and allowable salt discharge, the NOW operator prepares a “River 
Register” for the block which lists the licence holders, the total tonnage of salt that 
may be discharged, and start and stop times. 
The River Register is then distributed to the licence holders and the EPA.   
The licence holder must then calculate its share of the volume of discharge, based on 
the amount of discharge credits it has, its location, and the point where its discharge 
water flows into the Hunter River. 
The mine operator or power station is also responsible for calculating the “travel 
time” (or “lag”) between its water storage site and the point the discharged water 
reaches the Hunter, to ensure it complies with the start and stop times provided by 
the operator. 
The NOW operator and hydrological officers in the field continue to monitor the 
event through its progress to ensure licence holders’ reports of the amounts and 
timing of their discharges are correct. 
 
Discharge Credits 
Discharge credits exist to facilitate the sharing of discharge entitlements.  There are 
1000 credits and these can be used each time discharge is allowed; that is, each credit 
entitles the holder to discharge 0.1% of the total allowable discharge into a specified 
block of water.  Each credit can be used only once for each high flow block.  As an 
example, if a Total Allowable Discharge of 100 tonnes of salt is declared, each credit 
that an individual mine holds, entitles it to discharge 1/1000 of that or 0.1 tonnes of 
 129
salt.  A mine which holds 10 credits could then discharge 1 tonne of salt into the 
specified block.   
Licence holders can trade, buy or sell credits if they find their need to release saline 
waste water means they need more or less credits.  The EPA has procedures for 
trading credits and a credit transfer is not valid unless approved by the EPA.   
 
River Sectors  
For the purposes of the scheme, the river has been divided into 3 sectors giving 3 
reference points for the determination of flow and salinity levels and for prediction 
of discharge events.  Conductivity objectives for each sector during high flows are 
linked to the sector reference points which are in the river at Denman, Glennies 
Creek/Hunter River confluence and Singleton.   
These objectives are: 
Denman    600 µS/cm 
Glennies Ck/Hunter R confluence  900 µS/cm 
Singleton    900 µS/cm 
 
Allowable Discharges and Blocks 
Allowable discharges are based on a “block” of water, which is the amount of water 
which passes the Singleton gauging station during a specified 24-hour period; that is, 
365 blocks per year.  The blocks are based on modelled river flow and are numbered 
1 to 365 followed by the year.  For example, if today is day 205 of 1998, block 205-
98 is passing Singlet today but the block at Muswellbrook may be numbered 206-98, 
ie..block 206 will be passing Singleton on day 206 of 1998.   
Blocks are rated in terms of flow as low, high or flood flow.  As no discharges are 
allowed during low flow periods, and unlimited discharges (up to each licence 
holder’s tributary limit) are permitted during flood flows, the credit system applies 
only to controlled discharges during high flow periods. 
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River Sector Flow Categories 
River Sector 
“Low” Flow 
ML/d 
“High” Flow 
ML/d 
“Flood” Flow 
ML/d  
 “Upper” <600   600 - 2000  >2000  
“Middle” <1800 1800 - 6000  >6000 
 “Lower” <2000 2000- 10000  >10000 
 
No discharge of saline water is permitted during low flow periods.  During high flow 
periods, discharge of saline water will be permitted in a sector when the river salinity 
is below the sector threshold and the river flow is within the high flow range for that 
sector and the modelled conditions show that the flow event will exist when the 
block reaches Singleton.  During flood flow events, unlimited discharge may occur.   
 
Predicting Flow and Salinity 
To calculate the flow rate, the NOW operator combines data from river gauging 
stations in the “CAIRO” computer model to produce “predicted”, “observed” and 
“actual” data. 
The “predicted” data is based on previous readings and weather reports; “observed” 
is gauge readings at the time (which need to be carefully checked against 
inaccuracies caused by high river conditions or technical faults); “actual” is the result 
of computer processing of the updated data until the estimated river flow is as 
accurate as possible. 
This information allows the operator to permit the discharge of saline wastewater 
with the least possible impact on the river. 
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Sector Discount Factor  
Application of a discount factor has been incorporated into the scheme as an added 
safety precaution.  The Sector Discount Factor is the factor which participants in a 
particular sector must apply to their individual discharge entitlement (based on thier 
credit holding).  It is used to reduce saline discharges in a particular sector where the 
full exercise of discharge entitlements is predicted to cause the salinity objective, i.e.  
600 EC in the upper sector or 900 EC in the middle and lower sectors, to be 
exceeded.  In most discharge events, the sector discount factor applied is 1, allowing 
full utilisation of the total allowable discharge for the block.  The river operator may 
choose to apply a sector discount factor between 0 and 1 in any sector to protect 
downstream water quality.   
For example, a declared discharge event may occur throughout the river system but 
where a large proportion of fresh water entering the Hunter River is expected to 
originate from the Goulburn River.  This would mean that a discharge event would 
occur in all sectors but full entitlement discharge from mines above the 
Hunter/Goulburn confluence could cause exceedence of the upper sector objective.  
In this case, a Total Allowable Discharge amount is set for the river system but a 
reduced discount factor would be applied to the upper sector to reduce the amount of 
salt discharged by participants in that sector.  All participants are required to 
determine their share of the Total Allowable Discharge (tonnes of salt) based on 
their credit holding and then multiply that figure by the Discount Factor to determine 
the tonnage of salt that they may discharge.  A participant in the upper sector would 
find that their discharge entitlement would be reduced by the lower discount factor. 
 
Timing of Discharge Events 
Determination and declaration, through distribution of the River Register,of a 
salinity discharge event needs to be undertaken without delay to give maximum 
notice to participants.  Licence holders at the top of the catchment need a minimum 
seven hours warning of an opportunity to discharge if possible.   
 * 1 EC unit is equivalent to 1 microSiemens per centimetre (µS/cm). 
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Appendix C – Gauging Station Details 
Fitzroy Basin 
130509A 
http://www.derm.qld.gov.au/watershed/precomp/130509a/sdr.htm 
SITE DESCRIPTION  
Site: 130509A 
Site Name: Carnarvon Creek at Rewan 
Site Commenced: 30/05/1985 
Site Ceased:  
Map Name: 8548 
Local Map Reference: 400366 
Grid Reference: Zone - 55 Easting -   639996.0 Northing -  7236641.0 
Grid Datum: Australian Map Grid 1984 
Latitude: 24:58:39S 
Longitude: 148:23:17E 
Map Datum: GDA94 
Comment: GPS location on PSM brass plaque at hut obtained 
28/05/03, EPE = 5m.  AGD84 
 Lat/Long coordinates converted to GDA94 using GDay 2.1 
& verified on Oziexplorer and Google earth, 
 30/03/2006 KPK 
  
STATION  
Stream Distance: 36.2 
Gauge Zero: 17.21 
Gauge Datum: ASS 
Control: Sand 
Cease to Flow: 0 
Max gauged stage (m.): 2.165 on 26/02/2003 
QMIN: 20 
TMIN: 1440 
Catchment Area: 351 
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130502B 
http://www.derm.qld.gov.au/watershed/precomp/130502b/sdr.htm 
SITE DESCRIPTION  
Site: 130502B 
Site Name: Brown River at Lake Brown 
Site Commenced: 31028 
Site Ceased:  
Map Name: 8648 
Local Map Reference: 7101513 
Grid Reference: Zone - 55 Easting -   671030.0 Northing -  7251309.0 
Grid Datum: Australian Map Grid 1984 
Latitude: 24:50:31S 
Longitude: 148:41:37E 
Map Datum: GDA94 
Elevation: 247 
Comment: GPS location on star picket PSM marker near hut, 
obtained 27/05/03,
 EPE = 5m in Aust Geod Datum 1984.  EL is approx.  from 
GPS. 
 Lat/Long coordinates converted to GDA94 using GDay 
2.1, 30/03/2006 KPK 
  
STATION  
Stream Distance: 199.2 
Gauge Zero: 12.081 
Gauge Datum: ASS 
Control: Control Weir 
Cease to Flow: 0 
Max gauged stage (m.): 2.060 on 06/03/1990 
QMIN: 20 
TMIN: 1440 
Catchment Area: 3027 
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130506A 
http://www.derm.qld.gov.au/watershed/precomp/130506a/sdr.htm 
SITE DESCRIPTION  
Site: 130506A 
Site Name: Comet River at The Lake 
Site Commenced: 26341 
Site Ceased:  
Map Name: 8649 
Local Map Reference: 637101 
Grid Reference: Zone - 55 Easting -   663710.0 Northing -  7310150.0 
Grid Datum: Australian Map Grid 1984 
Latitude: 24:18:42S 
Longitude: 148:36:52E 
Map Datum: GDA94 
Elevation: 199 
Comment: Site Lat/long by GPS 270803, EPE 4, Datum Astrln 
Geod'84
 Lat/Long coordinates converted to GDA94 using G'Day 
2.1 (KPK 22/05/06) 
  
STATION  
Stream Distance: 124.2 
Gauge Zero: 185.695 
Gauge Datum: AHD 
Control: Sand 
Cease to Flow: 0 
Max gauged stage (m.): 12.270 on 29/05/1983 
QMIN: 10 
TMIN: 10080 
Catchment Area: 10188 
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130504A 
http://www.derm.qld.gov.au/watershed/precomp/130504a/sdr.htm 
SITE DESCRIPTION  
Site: 130504A 
Site Name: Comet River at AMTD 17.2 km 
Site Commenced: 10/08/1971 
Site Ceased: 14/04/2004 
Map Name: 8650 
Local Map Reference: 586838 
Grid Reference: Zone - 55 Easting -   658545.1 Northing -  7383349.0 
Grid Datum: Australian Map Grid 1984 
Latitude: 23:39:10S 
Longitude: 148:33:16E 
Map Datum: AGD84 
Elevation: 152 
Comment: Water quality instrumentation removed on 19/06/2002. 
 Pump sampler also removed on 19/06/2002. 
 New station to replace this station at GS 130504b Comet 
River @ Comet Weir 
 GPS Lat/Long obtained 250803, EPE 4m datum Astrln 
Geod '84. 
 Station closed 14/04/04.  All instrumentation and gauge 
removed. 
  
STATION  
Stream Distance: 17.2 
Gauge Zero: 142.136 
Gauge Datum: AHD 
Control: Mud 
Cease to Flow: 0 
Max gauged stage (m.): 9.990 on 25/04/1990 
QMIN: 20 
TMIN: 10080 
Catchment Area: 16422 
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Hunter Catchment 
http://waterinfo.nsw.gov.au/water.shtml?ppbm=SURFACE_WATER&rs&3&rskm_
url 
210052 
SITE DESCRIPTION  
Site: 210052 PAGES R @ GUNDY REC 
Site Name: PAGES RIVER AT GUNDY RECORDER  
Site Commence: 23/09/1958 Site Cease: 
Map: 9033−I−N Local Map Ref:    56HLK10  
Grid Ref: Zone: 56     Easting:      310866.1    Northing:      6456665.2  
Grid Datum: MGA94 Map Grid of Australia 1994 
Current Active Site: ACT Active 
Latitude: −32.0103  32:00:37.1 S 
Longitude: 150.9976 150:59:51.4 E 
Lat/Long Datum: GDA94 Geodetic Datum of Australia 1994 
Elevation: 227.502  
Comment: Co−ordinates at benchmark. 
  
STATION  
Zero Gauge: 226.137  
Datum: NWW North West Water Cons 
Control: CONCRETE&ROCK  
CTF Level: 0.265  
Max Gauged Stage: 3.617  
Max Gauge Date: 12/01/1968  
Regulated?: False  
Catchment Area: 1050 
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210002 
SITE DESCRIPTION  
Site: 210002 MUSWELLBROOK BRIDGE 
Site Name: HUNTER RIVER AT MUSWELLBROOK BRIDGE  
Site Commence: 01/12/1906 Site Cease: 
Map: 9033−II−N Local Map Ref:    56HLK01  
Grid Ref: Zone: 56     Easting:      301170.1    Northing:      6429172.3  
Grid Datum: MGA94 Map Grid of Australia 1994 
Current Active Site: ACT Active 
Latitude: −32.2565  32:15:23.4 S 
Longitude: 150.8893 150:53:21.5 E 
Lat/Long Datum: GDA94 Geodetic Datum of Australia 1994 
Elevation: 149.004  
Comment: Records at this site may be affected by upstream dam
s or backwater effects. 
  
STATION DESCRIPTION  
Zero Gauge: 136.251  
Datum: AHD Australian Height Datum 
Control: GRAVEL  
Max Gauged Stage: 9.906  
Max Gauge Date: 16/05/1913  
Regulated?:  
Catchment Area: 4220 
 
 138
210055 
SITE DESCRIPTION  
Site: 210055 HUNTER RIVER DENMAN 
Site Name: HUNTER RIVER AT DENMAN  
Site Commence: 12/11/1908 Site Cease: 
Map: 9033−III−S Local Map Ref:    56HKK84  
Grid Ref: Zone: 56     Easting:      284705.1    Northing:      6415039.4  
Grid Datum: MGA94 Map Grid of Australia 1994 
Current Active Site: ACT Active 
Latitude: −32.3809  32:22:51.2 S 
Longitude: 150.7114 150:42:41.0 E 
Lat/Long Datum: GDA94 Geodetic Datum of Australia 1994 
Elevation: 111.303  
Comment: Records at this site may be affected by upstream dam
s or backwater effects. 
  
STATION DESCRIPTION  
Zero Gauge: 102.988  
Datum: AHD Australian Height Datum 
Control: GRAVEL  
Max Gauged Stage: 3.62  
Max Gauge Date: 13/01/1962  
Regulated?:  
Catchment Area: 4530 
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210083 
SITE DESCRIPTION  
Site: 210083 HUNTER R @ LIDDELL 
Site Name: HUNTER RIVER AT LIDDELL  
Site Commence: 05/09/1969 Site Cease: 
Map: 9033−II−S Local Map Ref:    56HLK04  
Grid Ref: Zone: 56     Easting:      304905    Northing:      6403439.4  
Grid Datum: MGA94 Map Grid of Australia 1994 
Current Active Site: ACT Active 
Latitude: −32.4892  32:29:21.1 S 
Longitude: 150.9236 150:55:25.0 E 
Lat/Long Datum: GDA94 Geodetic Datum of Australia 1994 
Elevation: 177.147  
Comment: Funding: Mid Valley Salinity. 
Records at this site may be affected by upstream da
ms or backwater effects. 
  
STATION DESCRIPTION  
Zero Gauge: 60.96  
Datum: AHD Australian Height Datum 
Control: CRUMP WEIR @ site 5m D/S  
CTF Level: 5  
Max Gauged Stage: 6.459  
Max Gauge Date: 17/02/1971  
Regulated?:  
Catchment Area: 13400 
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210129 
SITE DESCRIPTION  
Site: 210129 HUNTER U/S SINGLETON 
Site Name: HUNTER RIVER UPSTREAM SINGLETON  
Site Commence: 08/02/1993 Site Cease: 
Map: 270950  
Grid Ref: Zone: 56     Easting:      327220.9    Northing:      6395062.4  
Grid Datum: MGA94 Map Grid of Australia 1994 
Current Active Site: ACT Active 
Latitude: −32.5684  32:34:06.2 S 
Longitude: 151.1595 151:09:34.2 E 
Lat/Long Datum: GDA94 Geodetic Datum of Australia 1994 
Elevation: 42.513  
Comment: Records at this site may be affected by upstream da
ms or backwater effects. 
  
STATION DESCRIPTION  
Zero Gauge: 29.543  
Datum: AHD Australian Height Datum 
Control: NATURAL (SAND BAR)  
Max Gauged Stage: 1.69  
Max Gauge Date: 26/06/2007  
Regulated?:  
Catchment Area: 16460.66 
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Appendix D – Metadata 
Mapping 
 
Hunter 
NSW Landuse V1, NSW Department of Environment, Climate Change and Water, 
September 2009 (Provided on DVD) 
 
Catchment Management Authority Sub Regions v.  2, New South Wales Department 
of Environment and Conservation, 2004.  (Obtained online: 
http://www.canri.nsw.gov.au/download/) 
 
Fitzroy 
Drainage Basins Queensland (ISO 19139), IQATLAS State of Queensland, 
Department of Environment and Resource Management.  (Obtained online: 
http://dds.information.qld.gov.au/dds/) 
 
Landuse Mapping 1999 Queensland (ISO 19139), IQATLAS State of Queensland, 
Department of Environment and Resource Management.  (Obtained online: 
http://dds.information.qld.gov.au/dds/) 
 
Coal Operations and Projects, Mineral, Petroleum and Energy Operations and 
Resources 2009, State of Queensland Department of Employment, Economic and 
Innovation.  (Digitised data from map obtained online 
http://www.dme.qld.gov.au/zone_files/coal_files_pdf/new_coal_min_adv_proj.pdf) 
 
General 
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GEODATA TOPO 250K Series 3, Commonwealth of Australia (Geoscience 
Australia) 2006.  (Obtained online: 
https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&cat
no=63999) 
 
Australian Atlas of Minerals Resources, Mines and Processing Centres, 
Commonwealth of Australia (Geoscience Australia), 2010. 
http://www.australianminesatlas.gov.au/?site=atlas 
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Appendix E – Climate Data 
Rainfall Gauging Stations 
Australian Government 
Bureau of Meteorology 
 
Notes for Monthly Rainfall Climate Data 
Product code: IDCJAC0001 reference: 02259285 
-------------------------------------------------------------------- 
** Data File Format ** 
 
The data are provided in two formats: as one month per line and 12 months per line.  These 
file formats are shown below. 
 
  - Data file with name including "Data1" - 
 
Column,  Explanation 
-------------------------------------------------------------------- 
 1   Product code 
 2  Bureau of Meteorology station number 
 3  Year 
 4  Month 
 5  Monthly monthly rainfall (millimetres) 
 6  Quality of monthly rainfall 
 
 
  - Data file with name including "Data12" - 
 
Column,  Explanation 
-------------------------------------------------------------------- 
 1   Product code 
 2  Bureau of Meteorology station number 
 3  Year 
 4       January monthly rainfall (millimetres) 
 5  February monthly rainfall (millimetres) 
 6  March monthly rainfall (millimetres) 
 7       April monthly rainfall (millimetres) 
 8  May monthly rainfall (millimetres) 
 9  June monthly rainfall (millimetres) 
10       July monthly rainfall (millimetres) 
11  August monthly rainfall (millimetres) 
12  September monthly rainfall (millimetres) 
13       October monthly rainfall (millimetres) 
14  November monthly rainfall (millimetres) 
15  December monthly rainfall (millimetres) 
16  Annual monthly rainfall (millimetres) 
 
** Important notes ** 
 
1)  QUALITY FLAG DESCRIPTIONS 
 
Y: completed quality control and acceptable 
N: not yet completed quality control process 
 
Climate data pass through a number of stages in quality control which occurs over a 
period of time.  Data are only included in this product if either one of the 
following is true: 
i) If the Quality Flag = Y, then we have, as a minimum requirement, a medium degree 
   of certainty that the data have no errors; 
ii) If the Quality Flag = N, then no significant errors have yet been detected, 
   although this may change during a later stage of the quality control process. 
 
2) GAPS AND MISSING DATA 
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Very few stations have a complete unbroken record of climate information.  A station may have 
been closed, re-opened, upgraded to a full weather station or downgraded to a rainfall only 
station during its existence, resulting in breaks in the record for some or all elements.  It is 
important to note that damaged instrumentation can result in gaps in the record for one  
(or more) meteorological element.  In contrast the absence or illness of an observer may result in  
gaps in the record for all elements at a particular site. 
 
3) INSTRUMENTS AND OBSERVATIONAL PRACTICES 
 
Historically, if an observational site moved a relatively short distance (within about 1 to 2 km) 
it may have continued to use the same station number.  Changes may have occurred in 
instrumentation and/or observing practices over the period included in a dataset, which 
may have an effect on the long-term record.  In recent years many stations have had observers 
replaced by automatic weather stations (AWSs), either completely or at certain times of the day. 
 
4) LATITUDES AND LONGITUDES 
 
Latitudes and longitudes are provided to 2 decimal places.  However, in many cases the 
geographic coordinates of a station will not be accurate to 2 decimal places.  More precise  
positioning may be available upon request (see contact details). 
 
5) TIME 
 
For a part of the year some Australian States adopt Daylight Savings Time (DST).  The 
changeover dates vary from State to State and year to year.  More information can be 
found at:   http://www.bom.gov.au/climate/averages/tables/daysavtm.shtml 
Apart from some early historical observations, daily rainfall observations are made at  
9am local time and record the precipitation which has fallen in the previous 24 hours. 
Apart from some early historical observations, daily rainfall observations are made at 
9am local time and record the precipitation which has fallen in the previous 24 hours. 
 
6) COPYRIGHT 
 
The copyright for any data is held in the Commonwealth of Australia and the purchaser 
shall give acknowledgement of the source in reference to the data.  Apart from dealings 
under the copyright Act, 1968, the purchaser shall not reproduce, modify or supply 
(by sale or otherwise) these data without written permission.   
 
7) LIABILITY 
 
While every effort is made to supply the best data available this may not be possible 
in all cases.  We do not give any warranty, nor accept any liability in relation to the 
information given, except that liability (if any), that is required by law. 
 
8) CONTACT DETAILS 
 
If you need more 
information, you can contact us via the Climate Data & Information links at: 
http://www.bom.gov.au/climate/how/contacts.shtml 
 
_________________________________________ 
 
Created on Sat 07 Aug 2010 12:52:22 PM EST from Climate Data Online, Bureau of Meteorology. 
http://www.bom.gov.au/climate/averages 
 
Further information on this product: http://www.bom.gov.au/climate/cdo/about/about-data.shtml 
 
 
-------------------------------------------------------------------- 
 
** Station Details ** 
 
Bureau of Meteorology station number: 35021 
Station name: COMET POST OFFICE 
Year site opened: 1895 
Year site closed:  
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Latitude (decimal degrees, south negative): -23.60 
Longitude (decimal degrees, east positive): 148.55 
Height of station above mean sea level (metres): 167 
State: QLD 
First year of data supplied in data file: 1895 
Last year of data supplied in data file: 2010 
 
Bureau of Meteorology station number: 35063 
Station name: SOMERBY 
Year site opened: 1924 
Year site closed:  
Latitude (decimal degrees, south negative): -24.21 
Longitude (decimal degrees, east positive): 148.74 
Height of station above mean sea level (metres): 215 
State: QLD 
First year of data supplied in data file: 1924 
Last year of data supplied in data file: 2010 
 
Bureau of Meteorology station number: 35090 
Station name: REWAN STATION 
Year site opened: 1910 
Year site closed:  
Latitude (decimal degrees, south negative): -24.96 
Longitude (decimal degrees, east positive): 148.37 
Height of station above mean sea level (metres): 307 
State: QLD 
First year of data supplied in data file: 1910 
Last year of data supplied in data file: 2010 
 
Bureau of Meteorology station number: 35209 
Station name: ALBINIA DOWNS 
Year site opened: 1973 
Year site closed:  
Latitude (decimal degrees, south negative): -24.42 
Longitude (decimal degrees, east positive): 148.48 
Height of station above mean sea level (metres): 220 
State: QLD 
First year of data supplied in data file: 1973 
Last year of data supplied in data file: 2009 
 
Bureau of Meteorology station number: 35220 
Station name: COMETSIDE 
Year site opened: 1973 
Year site closed:  
Latitude (decimal degrees, south negative): -24.73 
Longitude (decimal degrees, east positive): 148.76 
Height of station above mean sea level (metres): 240 
State: QLD 
First year of data supplied in data file: 1973 
Last year of data supplied in data file: 2009 
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Appendix F – Rainfall Maps for Flow Events 
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Rainfall Preceding Hunter River Flow Event 1 
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Rainfall Preceding Hunter River Flow Event 2 
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Rainfall Preceding Hunter River Flow Event 3 
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Rainfall Preceding Hunter River Flow Event 4 
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Rainfall Preceding Hunter River Flow Event 5 
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Rainfall Preceding Hunter River Flow Event 6 
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Rainfall Preceding Comet River Flow Event 1 
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Rainfall Preceding Comet River Flow Event 2 
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Rainfall Preceding Comet River Flow Event 3 
 
 156 
Rainfall Preceding Comet River Flow Event 4 
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Rainfall Preceding Comet River Flow Event 5 
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Rainfall Preceding Comet River Flow Event 6 
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Appendix G – River Register 
 
River Register example sourced from http://hits.nsw.gov.au/rr/rrindex.html. 
 
